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ABSTRACT

In order to provide a rapid, consistent, and accurate means for

reducing and organizing "raw" foil counting data from neutron activation

foils, a computer program has been written for utilization on the IBM

704 and 7090 digital computers. This computer program features

flexibility to provide for nearly all commonly encountered data

acquisition and data reduction techniques. Further, it is designed

to provide the maximum information obtainable from the input data

in the event that a program "stop" is encountered.
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COMPUTER PROGRAM FOR REDUCTION OF NEUTRON

ACTIVATION FOIL DATA

By L. K. Zoller

SUMMARY

In order to provide a rapid, consistent, and accurate means for

reducing and organizing "raw" foil counting data from neutron activation

foils, a computer program has been written for utilization on the IBM

704 and 7090 digital computers. This computer program features

flexibility to provide for nearly all commonly encountered data

acquisition and data reduction techniques. Further, it is designed

to provide the maximum information obtainable from the input data

in the event that a program "stop" is encountered.

INTRODUCTION

One of the more convenient methods for measuring and analyzing

neutron spectra entails the use of neutron activation foils. These foils

are generally metallic or inorganic samples which are varied in size

according to the material and intended usage, but are typically I/4 inch

to ll/z inches in diameter and a few mils to I/4 inch in thickness.

The neutron activation foil technique is used because neutrons of

given energies react uniquely with all elemental isotopes. Neutron

capture reactions result in unique isotopic products, many of which

are unstable and, therefore, dissipate their excess energy by

emission of specific types of radiation at specific energies at specific

exponential rates.



Having exposed a foil material to neutron radiation, the type,

energy, and rate of radiation emission from the unstable products

may be determined with electronic instruments which are sensitive

to ionization processes. The experimental technique involves

determining, or counting, the number of induced ionizations in the

detector per unit time over a period of time. These foil counting

data may be reduced to useful quantities by application of many
laborious and intricate corrections.

The neutron-activation-foil data reduction program is intended

to provide a flexible and rapid method for organizing and reducing

neutron activation foil counting data into a useful form. The program

format was derived by utilizing the most advantageous features of

the several counting facilities with which the author is familiar. The

program was written (FORTRAN II) for the IBM 704 or 7090 digital

computer with peripheral tape units for magnetic tape input and

output; utilization of these tape units requires a punched card to

magnetic tape converter and a printing unit for magnetic tape. If

these peripheral units are not available, the program can be converted

easily to other modes of operation.

This program was designed to provide sufficient output data to

permit reproduction of each and every computation made by the

machine even in the absence of the original data input sheets. Likewise,

to provide the user with the maximum amount of information in the

event of unsuccessful processing, error returns are printed out by the

machine whenever common errors are detected in the input data.

Moreover, in some instances, consistency checks are built into the

program to provide a cross-check between input instructions and data;

if a discrepancy appears, the program attempts to interpret the

discrepancy, print out its interpretation, supply the necessary data

from the stored input, and continue with the data reduction. In any

event, the program has been designed to provide the maximum amount

of useful data output whenever a program stop is encountered.

FOIL AND COUNTER IDENTIFICATION

For maximum utilization and flexibility of the foil data reduction

program, it is recommended that the foils be identified by a six-digit

nuirlber stamped or written on the foils. These six digits would

provide identification as follows: the first two digits would be the



atomic number of the "target" element of the foil, the second two

digits would provide a foil group identification, and the last two digits

would provide the foil number within the specified foil group. Thus,

the twenty-fifth copper foil in the third group of copper foils would be

denoted as 290325.

The use of foil groups provides the opportunity to classify the

individual foils of a particular element according to mass, size,

composition, etc. For instance, it is highly improbable that, for

general purposes, all of the foils of a specific element would have the

same mass_ thus, to eliminate the necessity of providing the individual

masses of the foils or the necessity of using a possibly erroneous

average mass, the foils may be grouped such that the foil masses are

within given limits, say i I percent. Similarly, it is sometimes

desirable to have foils made so that the abundance of the target isotope

may be specified. For example it might be desirable to have indium-

aluminum foils in which the indium abundance is varied to provide a

variety of flux sensitivities; for this situation, the special foils could

be assigned different group numbers to distinguish between the various

indium i15 abundancies. The use of the foil grouping provides 99

groups of 99 foils each, or a total of 980[ foils of each element.

It is recommended also that the counters be identified by a

number between 1 and 99. Since it is not always desirable or possible

to count all of the foils under the same counting conditions, provision

has been made in the program to identify up to nine counting conditions

for each counter. These counting conditions may correspond to counting

geometries, such as the use of risers, absorbers, or different counter

shelves; or to counting techniques, such as counting irradiated sulphur

foils as opposed to counting the residue after burning these foils. The

purpose of specifying the counting geometry or technique is to permit

proper assignment of the respective counter efficiency factors.

GENERAL INPUT DATA

The first block of data read into the machine is provided for

identification of the program output; this information includes the users

name and telephone number, the facility using the program, and the

test or data identification.
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FOIL CONSTANT INPUT DATA

The second block of data consists of the foil constants which are

to be used during the foil data reduction; these data include, for each

type of foil:

The

The

The

The

The

The

The

The

The

The

The

atomic number of the "target" element,

foil group,

reaction index,

foil mass,

foil diameter,

foil thickness,

atomic or molecular weight of the foil,

abundance of the "target" isotope in the foil,

reaction decay constant,

effective reaction cross section,

self absorption constant.

These data are called from machine memory through the use of

an index comprised of the atomic number of the "target" element, the

foil group, and the reaction index. The reaction index, indicating

which of the various neutron induced reactions is to be considered,

is included since it is often desirable to measure the decay of more

than one of the resultant reaction products for a given foil. Since the

various neutron-induced reactions result in different products, each

with its characteristic radiation and decay rate, some provision must

be made to insure the use of the proper constants.

If, as is the case for fission foils, the reaction products result

in a multiplicity of exponential decays such that the measured decay

rate deviates from a simple exponential function, one may use a

program provision which permits assigning up to five exponential

decay constants to be applied over specific time intervals of the foil

decay. The easiest method for determining the values of the decay

constants and their appropriate time intervals is to repeatedly count

one or more of the typical foils in question for a relatively long period

of time; having plotted the corrected count rate data as a function of

time in minutes on semi-logarithmic paper, it is a simple matter to

approximate the resultant curve with up to five straight lines. The

values of the decay constants are, then, the absolute values of the

slopes of the straight line approximations.
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If the data to be reduced are for relatively thick foils, and if it
is desirable to correct for self-absorption losses, a self-absorption
constant may be supplied; this constant is equal to the product of the
radiation absorption coefficient, typically in units of square centi-
meters per milligram, and the foil "thickness", in this case, in units
of milligrams per square centimeter. The correction is, then,

_d
CS = Cm (I - e'_d)

where

CS = count rate corrected for self-absorption,

Cm = measured count rate,

_d = self-absorption constant,

= absorption coefficient,

d = foil "thickness. "

Similarly, if the atomic or molecular weight of the foil material
and the effective reaction cross section are supplied, the program
wil--"]also supply data in units of flux provided that counter efficiency

factors are included in later input. Conversion of saturated activity

to integral (energy) flux in the program assumes that a constant

effective reaction cross section can be applied over the entire energy

range of the reaction:

00 Ad
¢ = j ¢(E) dE -

N t o-
ET

where

ET

= the effective integral neutron flux,

= the effective reaction threshold energy,



A d = the saturated disintegration rate,

Nt = the number of target isotope atoms,

o- = the effective reaction cross section.

The flux conversion should be used with care and discretion since

determination of the effective reaction cross section presupposes some

knowledge of the neutron spectrum. Those effective reaction cross

sections which are commonly reported in the literature are generally

integrated over a virgin fission spectrum; if the foil exposures are

made in a perturbed spectrum, the flux conversion could be seriously

erroneous. Moreover, "thermal" neutron fluxes are generally

determined by using sub-cadmium disintegration rates and ZZ00 meters

per second or Maxwellian-averaged cross section values. While this

method is generally applicable to the difference of bare and cadmium-

covered foil activities, it is definitely erroneous to apply the flux

conversion to the individual foil data before the subtraction is made.

COUNTER CONSTANT INPUT DATA

The counter constant data, along with the aforementioned foil

constant data, comprise a set of semi-permanent input data for the

program. The counter constant data include, for each counter:

The

The

The

The

The

The

The

The

c ounter number,

counting geometry or technique index,

atomic number of the "target" element,

foil group,

reaction index,

counter resolution time,

counter efficiency for the specified foil and geometry,

uncertainty factor to be applied to the counter efficiency.

It is necessary to supply the program with counter constant data

for each type and group of foil. If, however, the foils of a particular

type are such that the foil counting efficiency factor is constant for

all the foils regardless of grouping, provision has been made so that

the counter constant data need be supplied only once, rather than for

each group. It should be noted that if the efficiency factors are

unknown or are not supplied, the program will reduce the data to



7

saturated activity at reactor shutdown time in units of counts per

minute-gram (target isotopel - watt; it cannot, however, give the data

in units of disintegration per second - gram (target isotopel - watt

or in units of flux (neutrons per square centimeter - second - wattl.

If the resolution time is known and is supplied, the program will

correct the count rate data for loss of counts during the counter "dead

time" as follows:

C R = I

Cm

- Cm_

where

CR

Cm

T

= the count rate corrected for resolution losses,

= the measured count rate,

= the counter resolution time.

FOIL EXPOSURE INPUT DATA

The foil exposure, or configuration, data include:

The

The

The

The

configuration or irradiation identification,

reactor power at each power level,

duration of operation at each power level,

time at reactor shutdown.

The time at reactor shutdown or foil removal, whichever is

earlier, is included so that the foil decay time (i.e. , the time from

the end of irra_liation to the beginning of counting) may be determined.

To provide versatility in the program, three methods of foil decay

time determination are permitted.

If the counting facility is provided with digital timing devices

which may be started at the conclusion of the foil irradiation so that

the time recorded at counting is the actual decay time, no entry

should be made for the time at reactor shutdown since the necessary

time information will be supplied with the counting data as the time

at counting.



The second method is to be used at facilities equipped with digital
clocks set to record the time in minutes from midnight December 31
of each year. In this system, the time of completion of irradiation
and the time at foil counting are to be recorded as elapsed time from
the beginning of the year. The decay time is, thus, the difference
of the two entries.

The third system is also indexed from the beginning of the year.
This system, however, is to be used when it is desirable to record
calendar times. The time entries are to be made as calendar date
(month, day, and year} and military (24 hour} time; the program will
convert these dates and times into elapsed time, in minutes, from
the beginning of the year. The time conversion is made through the
use of a calendar built into the program which will automatically
correct for leap year when necessary. Another feature of this time
system is that the program will automatically correct for a change
in the year if, for example, the irradiation were completed near the
end of the month of December and the foils were not counted until early
in January.

The reactor power levels are specified as a power histogram.
Under normal operation, involving short reactor periods, this approxi-
mation is negligible. If, however, a condition were to be experienced
where the power buildup was on a very long period such that the foil
activation was affected, the curve of reactor power as a function of
time should be integrated from startup to power stabilization, and the
resultant integrated power converted to an effective uniform power
level.

After having read in the Configuration Data, the program computes

the integrated power for each power level and sums these values for

the entire irradiation:

p = r. pi i
i

where

p =

Pi =

the integrated power, watt-hours,

the reactor power at the ith level,
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ti = the duration of operation at the ith power level,

60 = the conversion from minutes to hours.

Rather than computing the foil saturation factor for each foil

individually, the program computes this factor for each type of foil

for which data were supplied under "Foil Constant Input Data. "

These saturation factors are indexed by foil type and stored in

memory for use during the foil data reduction. The foil saturation

factor is computed as follows:

NP

where

F

Pi

ti

k

= the foil saturation factor,

= the reactor power at the ith level,

= the duration of operation at the ith power level,

= the decay constant for the foil.

FOIL COUNTING DATA

For full utilization of the foil data reduction program, it is

strongly recommended that the foil counting data be recorded directly

on program input data sheets. If the data are transferred from some

other source, not only is another source of error being introduced,

but the time and expense necessary to make the transfer of data

compromises the efficiency of the automation provided by the

program.

The foil counting data include:

The foil identification,

The pre-irradiation background data for the foil,

The time at counting,
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The counter background data,

The foil counting data.

The program has been designed so that corrections may be made

for naturally occurring background radiation in the foil. These data,

referred to as the "pre-irradiation background data," are used

particularly with fission foils or under conditions where the foils

must be irradiated more than once. The corrected background, which

is used in the data reduction, is obtained as follows:

- X (T C - Tp)
B = B C + (Cp- Bp) e

where

B = background count rate applied to the foil reduction,

B C = the background count rate at time of foil counting,

Cp = the pre-irradiation count rate,

Bp = the background count rate at time of pre-irradiation

counting,

X = the foil decay constant,

TC = the time at foil counting,

Tp = the time at pre-irradiation counting.

The useful forms of the foil data are saturated activity and

effective flux at the time of reactor shutdown or foil removal, if

removal is prior to termination of the reactor run. Moreover, the

saturated activity is useful in terms of both counts per minute and

disintegrations per second. This computer program reduces the

foil counting data to all three of these quantities, provided that

sufficient data are included in the input. The foil data reduction

processes in the program for computation of the saturated activity at

the end of irradiation is as follows:

Ac u

X (T C - TSDT)
(C - B) e

(0.01) at Mf F

count s

min - gm (target isotope)- watt



Ii

where

Ac

C

B _.

k =

T C =

TSD T =

at =

Mf =

F =

0.01 =

the saturated foil activity, in counts per minute-grams

of target isotope-watt, at reactor shutdown time,

the foil count rate corrected for resolution and self-

absorption losses,

the corrected background count rate,

the foil decay constant,

the time at foil counting,

the time at reactor shutdown or foil removal whichever

is earlier,

the percent abundance of target isotope,

the foil mass,

the foil saturation factor,

the conversion from percent abundance to fractional

abundance.

The foil saturated disintegration rate corrected to the end of

irradiation, is given by"

Ad
Ac

(o. o 1) (6o) c

disintegrations

sec -gm (target isotope) - watt

where

Ad

6O

= the saturated disintegration rate, in units of disintegrations

per second-gram of target isotope - watt,

= the counter efficiency factor in percent,

= the conversion from percent efficiency to fractional

efficiency,

= the conversion from minutes to seconds.
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The effective neutron flux at the completion of irradiation is

determined as follows from the saturated disintegration rate:

Ad Wf

Nou (10 -z4)

neutrons

cm _ - sec - watt

where

= the effective integral flux, in units of neutrons per

square centimeter second - watt,

Ad = the saturated disintegration rate,

u = the effective microscopic reaction cross section in barns,

I0 -z4 = the conversion from barns to square centimeters,

N O = Avogadro's number, 6.025 × I0 z3 atoms or molecules

per gram atomic or molecular weight,

Wf = the atomic or molecular weight of the foil.

The above equations are used when simple exponential decays

are experienced. As was mentioned earlier, the program is provided

with an option for multiple decays. When this option is used, the

following modifications are made in the data reduction:

F = _ Pi [1 - e

- tn)tn + (ti - - j]tn) iN+ 1
n

N' NP- tnl n + (i_ ti - N' ]_" tn) AN_+ 1
n

where tN < ti < tN+ 1 and
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F = the foil saturation factor,

Pi = the reactor power at the ith level,

ti = the duration of operation at the ith power level,

k n = the decay constants for the n intervals,

tn = the time intervals for the n decay constants.

The background correction is similarly:

- Xnt n + (T C - Tp

B = BC + (Cp - Bp) e

tN < (T C - Tp) < tN+ i andwhere

B

B C

Cp

Bp =

_n =

T C =

Tp =

t n =

Nin) _tN + I
n

the background count rate applied to the foil data reduction,

the background count rate at time of foil counting,

the pre-irradiation count rate,

the background count rate at time of pre-irradiation

counting,

the foil decay constants for the n intervals,

the time at foil counting,

the time at pre-irradiation counting,

the time intervals for the n decay constants.

The saturated activity at the time of reactor shutdown is given by:

IN kntn

(C - B) e
N I+ (Tc-TSDT- n_tn)kN+ 1

counts

min-gm (target isotope)- watt
A C =

(0.01) at Mf F
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where tN < (Tc - TSDT) < tN+ 1 and

Ac = the saturated activity at reactor shutdown time,

C = the foil count rate,

B ' = the corrected background count rate,

_tn = the foil decay constants for the n intervals,

t n = the decay time for nth interval,

T C = the time at foil counting,

a t = the percent abundance of target isotope,

Mf = the foil mass,

F = the foil saturation factor,

0.01 = the conversion from percent abundance to fractional

abundanc e,

TSD T= the time at reactor shutdown or foil removal.

The time value used with each of the n decay constants is obtained

by first determining the number of time intervals spanned by the time

period in question. Having determined the number of complete intervals,

N, to be used, the program obtains the N+ lth time value by subtracting

the upper limit of the Nth interval from the time period; the program

then uses the respective time interval widths, t n, for the degraded

values of n, i.e., N, N-l, N-Z ....

Statistical data are computed by the program and are provided for

aid in the subsequent analysis of the data output. The percent standard

deviations of the counting rate data are determined from the following

formula:

SC - C t B t C



when

SC

tc

C

B

tB

15

= a percent standard deviation,

= the duration of foil count,

= the corrected foil count rate,

= the corrected background count rate,

= the duration of background count.

The root-mean-squared standard deviations of the final data are

obtained as follows:

NC NP 2 ] 1/2
= _ SC z + _. Si 2 + S t + Sp 2

C i

S

where

S =

NC =

S C =

NP =

S i =

St =

Sp =

the root-mean-squared standard deviation, per cent,

the number of counts,

the percent standard deviation of the count rate data,

the number of power levels,

the percent uncertainty in the ith power level,

the percent uncertainty in the counter efficiency factor,

the percent standard deviation of the pre-irradiation

count rate data.

Since it is possible to specify in the input data which side of the

foil was counted, the program will print out final values of the

saturated activity and effective neutron flux for both sides (indicated

as Numbered Side, NS, and Unnumbered Side, US), and then determine

the averages of these values. For thicker foils, it is not always valid
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to use the simple average of the activity measured on the two sides

of the foil; therefore, reference should be made to the printout of the

foil constant input data to determine the physical parameters of the

foil before using the average activity computed by the program.

FOIL DATA SUMMARY

The last block of data is an option which may be used to organize

and compile the foil data into a more immediately useful form.

Regardless of the order in which the foil data are reduced, the final

averaged values of the saturated activity may be tabulated by simply

supplying the foil numbers in the desired order. Another option is

provided in the data summary to give the difference in saturated

activity of two foils, the sub-cadmium activity, for example.

SOURCE PROGRAM LISTING

To facilitate reading of the source program listing, Table 1

gives the symbols which were used in the equations and discussion in

the text and the corresponding alpha-numeric designations which

were used in the source program. Although laborious, the exact

functioning of the program can be determined from the source

program listing with the aid of the definitions given in Table 1 and

reference to the text, program input instructions, and sample

problem.

PROGRAM INPUT INSTRUCTIONS

The following instructions are to be used in filling out input data

sheets for the program. Although IBM cards and columns are

indicated below for each entry, reference should be made to either

the input data sheets for the sample problem (Appendix I) or to the

format statements (I000 series statements) of the source program

listing to determine the proper way to enter the values since the input

data embrace three types of numerical entries.

Type Example Data Entry

Integer 33 33

Fixed Point 17. 6Z 17. 6Z

Floating Point 8.76? × 10-3 8. 762 - 03
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Table i. Equation Symbols and Corresponding Alpha-Numeric
Designations

Symbols Used

in Text

Ac

A d

at

B

BC

Bp

C

Cm

Cp

CR

C S

F

Mf

P

Pi

s

SC

Si

Program

Designation

CPM

DPS

ABD (I)

BKGRB

BKG

PBR

CR

ACR

PCR

ACRR

ACRRB

PNF (I)

FMASS

SP

P (K)

WSTDD

STD

EP (K)

Symbols Used

in Text

Sp

SE

TC

Tp

TSDT

tB

tC

ti

tn

Wf

E

_d

k

_tn

0-

Program

Designation

PSTD

EFFU (J)

CT

PCT

SDT

BKG DR

CTD

T(K)

Tn (1),

1 <n<5

ATWT (1)

EFF (J)

SELFA (J)

ALAM (I)

ALAM n (I),

1 <n<5

XSECT (1)

RES (J)

F LUX



IS SOB_CE _O_mJL_ LISTINO

PROGRA#4 18S FOR COMPUTING SATURATED FOIL

I ACTI_ITY AT REACTOR SHUTDOWN ffIME MODIFIED 11/6_

I DIMBMSION FIO[99)pFMASSI99)lATWTI99)tABD(99),

IALAMI9_ItXS_ECT|99)tSELFAI99)tALAMI(SOI,ALAM2(SO)tALAM3(SO),

2ALA_I_SOI,ALAMSI5OIpT2(SO),T3FSO),TkISO)tTS|50),

3CTID(500)eRESISOO)tEFFISOO)eEFFUISOO)ePNF|99)t

_PIIO)_EPIIO)eT(IO),FLIDIIOOO)IGCPMIiOOO)IGDPSIIOOO)w

SHCPMiIOOO),HDPSIIOOO),KIDilO)tKGIIO),KD(IOIeKF(iO)e

6HKFIIO),HKGIiO),SF|D|IOI

3 WRITE OUT, Pt.PI" TAPE 6,1000

bREAD INPUT TAPE 5,1001

5 WRITE OUT, PUT TAPE 6,1001

6 READ ]NqPUT TAPE 5,1001

T WRITE OUTPUqr TAPE 6,100!

8 READ INPUT TAPE 5,1001

9 WRITE OUTPUT [APE 6_lOOl

IO READ IN4PUT TAPE S,IO02,NLAM
I! WRITE OUTPUT TAPE 6ti003

12 DO 2S I=I,NLAM
13 READ INPUT TAPE S_IO04,NOAT,IGP,|R,FMASS(I),DIAt

ITHK_t.TWTKI),AE;O(II,ALAMKI),XSECT(I),SELFA(I)

14 ATNC)=NO'AT

2014 GP=IGP

30l_ REA=I_

4014 FIDI[I=(ATNOmIOOO.O)÷(GP*IOoO)eREA

15 NRETE OUT_UK TAPE 6,1006, I,NOAI,IGP,IR,FMASSII),

ID]A_THK,ATWT(I),ABOII)tALAM(I),XSECT(I)_SELFA(I)

16 IFIALAM(|))II, I1,2S

IT READ IMPUT TAPE S,IOO7,NOATeIGP_IR,ALAMIII),

IALAM2II)oALAM3(I)eALAMk(I)tALAMS(I)
18 READ INPUT TAPE S,IO08,NOAT,IGP,IR,T2(I)tT3(I),

ITS( II,,TS(1)

19 [ i=0.0

20 MI_ITE OUT&)UT TAPE

21 WRTTE OU1NPUI_ TAPE

22 WRITE OUTPUT TAPE

23 WRITE OUTPUT TAPE

211- WRITE OUT, PLM" TAPE

25 CON,T INUE

26 WRITE OUTPUT TAPE 6,1010

6,IO09,NOAT,IGP,IRtALAMIII),IItT2(I)

6,IO09,NOAT, IGP, IR,ALAM2i[),T2(I),T3(I}

6tIOO9,NOAT,IGP,IR,ALAM$|I),T3(IItI_(I)

6, IO09,NOAT, IGP,IR_ALAM_II),T_(IItTS(I)

6,10_2,NOAT,IGP,IR,ALAMSII},IS|I)

2T READ INPUT TAPE S, IO02,NCTR

28 DO 31 J_I,NCTR

29 READ INPUT TAPE S,IOlltlCOUT,ISHEL,NOAT,IGP,IRtRES(J)t

IEfiF(J),EFFU(J)
2029 CTR=ICOU_

3029 SHEL_ISHEL

k029 ATNO=NOAT

5029 GP-IG_

6029 REA=I_

1029 CTID($);(CTR*IOOOOOO.O)*(SHELmlO0000.OI

I+(ATNOgIOOO. O)+(GP_IO.O)÷REA

30 WRITE OU'EP_T TAPE 6_IOI2,J,ICOUT,ISHELeNOAT,IGP,IRe

IRESIJ),EFFIJ},EFFUIJ)

31 CONTINUE

TITLE

NAME

NAME

FACILITY

FACILITY

TEST

TEST

HEAOINGF

HEADING
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32 READ INPUT TAPE S. IO02.NCON

33 11=!

3_ WRITE OUTPUT TAPE 611013

35 R_AD INPUT TAPE 5,1001

]6 WRITE OUI_PUT TAPE 6e|O01

31 gRITE OUTPUT TAPE 6elOlk

38 READ INPUT TAPE 5wlOiltNPwKODE,HO,|OAYpIYRt

III'tReNINeSDTINFe|AUTOINRUN
203_ DAY=[DAY

3038 HR=IHR

k038 AMII_=MIN

]9 SP=O.O

kO TTD=O.O

_| 00 h7 K=IpMP

_2 READ INPUT rAPE SIIOI5,P(K|mEP(K|_TIKI
b3 PINT=IPi|KI*TiK})I60.O

b_ SP=SP+PINT

kS NRITE OU'EPUT TAPE 6_|016_KpP|K)eEPIK)eTIK)ePINT
• b TTD=_TOeTIK}

_7 CONTINUE

k9 WRITE OUTPUT TAPE 6elO18tSP

SO I_(90T):2050,2050t8_

2050 IF(HO)3050.3050.51

3050 SIDT=O.O

_050 GO TO 8_

_1 TM=KHRm60.O)e|(DAY-IoO)elkkO.O]÷_MIN
$2 LY=O

53 LEAP=I956_I_'LY)

5k |F(XYR-LEAPI_TtTOI55
55 LY=LY÷I

56 GO TO 53

57 GO TO (58tS9,60_61,62,63,64t65166t67e68e69},HO
58 ASDT=TN

GO TO I83=182e205),KODE
59 ASDT=TM_k_O.O

GO TO (83,182t205),KOOE

60 ASDT=_N*8_960. O

GO TO (83t182o20S}lKOOE

61 ASDT=TM+I29600. O

GO TO (83tlB2t20S)_KODE

62 ASDT=TN+I72800.O

GO TO (83ti82j205),KODE

63 ASDT=_M÷217kkO.O

GO TO (83t182e205)_KOOE
6_ ASDT=TH÷2606kO. O

GO TO (83,182_205},KODE

65 ASDT=TNt305280. O

GO TO (83_182.205)_KODE

66 ASDT=TN_3_9920oO

GO TO (B3e182,205),KODE

6_ ASDT=_H÷393120oO

GO TO {B3_182_205|,KODE

68 ASDT=TH÷k3_760.O

GO TO (83_I82_205)=KOOE

69 ASOT=T_÷k_I0960.O

CONFIG

CONFIG

HEADINGP
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GO T_ 18]t182t2OSIeKODE
10 GO TO (71eT2p73tT_eTSt76t77t/8.79t80m81=82),MO

TI ASOT=TM

GO TO i8]t182t2OS)eKOOE

72 ASIDT=TR+4b_>_O.O

GO TO (83w182t205)pKODE

73 A_DT=l"_÷86_O0oO

GO TO K831182_2OS)tKODE

7_ &SDT=TH+I]tO_O.O

GO TO [83t182t205)eKOOE

75 ASDT=|M+I7_O.O

GO TO (8]f182t20S)tKODE

T6 &SDT=TM+218880°O

GO TO (83,182e205),KODE

T7 ASDT=TM+262080. O

GO TO {83pIB2p205t_UOE

78 A$DT=TM+]O6T20.O
GO TO 183tlB2t205)_KODE

1*9 ASDT=|H+351360.C

GO TO (83.182_205)eKODE
ASDT=rM+39kS60.O

GO TO (83=t821205)tKODE

81ASDT=TM+_39200. O

GO TO [8]eI.B2e2OS)eKODE

82 ASDT=¥M+_82_O0°O

GO TO (8]t182t205)tKOOE

83 SE)T_ASDT

8_ WR[TE OUII_UT TAPE 61]O|9eSDT.MOt[DAY.IYR.]HR.MIN

85 MR[TE OUYPU1P TAPE 6.1020

86 DO 118 I=ltNLAM

8_ PNFII)=O.O

2067 TD=TTD

68 DO 116 K=I_hI_
89 TD=TD-T(K)

90 IFIAL&RIX)):93fg]p91

91PNFIXI:=IPK_);eIloO-EXPFI-ALAM(EIeT|K)))*

IEXPFI-ALAM([)eTD))*PNF(|)

92 GO TO 116

93 [F(T2(I)-TOI96196_9k

9k PNF||)=|P|K]_O(I.O-EXPF(-ALANI||)*T(K)))*

IEXPFI-ALAHI([)*[D))_PNFI])

95 GO TO !!6

96 _F(T$(_)-TD)100,100,97

97 TD3_TD-T2II)
98 PNFI|):={P|_|,.II.O-EXPFI-T(K)_IkL_II||+AL_R2([))|)

I.EXPF(_(AL&M2I[I_TD3)-IALAMI(I)*T2(I))))÷PNF||)

99 GO TO i16

iO0 ]FII_I|I-TD)105_I05_IOI

IO! TOb=TO-T3I[)

102 TO_T]I[]-T2|[)

IO] PNFi[)=IPIE).*(I.0-EXPF(-T(K)*IALAHII[)*ALAH2([)*

IALAM]([)I|I_EXPF|=(ALAM_(_)eTD_)-(ALAM2([)*TD])

2-(ALAMI[[)*T2I_))))+PNFIZ)

10_ GO TO 116

!05 [F(TSITI-TDIIIItllItI06

HEAD[NGN



106TDS=TD-TkII)

lOT TDk_T4III-T3(X)

108 TD3_T3{II-T2([)

109 PNF([)=(P(K)elI.U-EXPF(-T(K)*(ALAMI(I)*ALAM2([)

I÷ALAM3II)*ALAM_II))))*EXPF(-(ALAM_([)*TD5)

2-(ALAN3KI)wTDk)-KALAM2(II*TD3I-KALAMI([)*

3T2(I)).);)*PNF([)

II0 GO TO 116

IT[ TO6=TD-TSII)

112 TDS=TS|I)-Tk([I

ll& TO_T_{I)-T3([)

Ilk TD3=T3II)-T2([)
il5 PNF(I)=IP(K*):*II.0-EXPFI-TIK)*(ALAMI(I)÷ALAR2(])

I÷ALAM3II)÷ALARkII)_ALAMS(II)))*EXPFI-(ALAHSI[I

2*TD6)_(ALAM_(I)eTD5)-(ALAM3iI)eTDk)

3-(ALAM2II)*TD3I-IALAMIII)*T2(II)))÷PNFll)

116 CONTINUE

II1 WRITE OUTPUT TAPE 6.10211[.FIDI[}tPNF([)

118 CONTINUE

120 DO 376 L=I.NF

2120 IFIIAUTO) 121.121.121

12I READ IN'PUT TAPE 5.1022.IDA.IDG.NFL.IR.NC.ICOUT.

IISHEL.IP

122 WRITE OUTPUT TAPE 6.1023.IDA.[DGtNFL

2122 IDL=(IDA*IOO)÷IDG

123 IF(LR)2123,2123,1$8

2123 FDL=IDL
12k AFID=FDL*IO.O

125 DO 130 JJ=l,6
126 AFID=AF|D+I.O

12T DO 129 [=I,NLAH

128 IFIAFID--FID(IIII2?,I43t129
129 CONTINUE

!]0 CONTINUE

I]i WRITE OUTPUT TAPE 6,1025,AFXD

132 NI=NC_IP÷2

I]J DO 136 KK=I,NI

13_ READ IMPUT TAPE 5.1001

I]5 WRITE OUTPUT TAPE 6.1001

136 CONTINUE

137 GO TO 376

I]8 FDL=IDL
2138 REA=IR

3138 AFID=(FDL*IO.O)*REA

139 DO 141 I=I,NLAN
lbO [FIAFID-FID(I)tl41,1b6,1_I

141 CONTINUE

lk2 GO TO !.31

143 WRITE OUTPUT TAPE 6,102_,AFID

I_ IR=JJ

146 [FIALAM(|))lkl,lkl, ik8

141 GO TO (150,152.15_.156,158.159),IR

lk8 GO TO |149.151.155.155.157.159).[R

149 WRITE OUTPUT TAPE 6.1026
GO TO 160

21

INPUT

INPUT

N-G,S
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WRITE

GO TO

WRITE

GO TO
WRITE

GO TO

WRITE

GO TO

WRITE

GO TO

WRITE

GO TO

WRITE

GO TO

WRITE

GO TO

WRITE

GO TO

WRITE

150 OUTPUT TAPE 6ti027

160

151 OUTPUT TAPE 6.1028

160

152 OUTPUT TAPE 6,1029

160

153 OUTPUT TAPE 6.1030

160

IS4 OUTPUT TAPE 6,1031

160

ISS OUT_U_ TAPE 6.1032

160

156 OUTPUt TAPE 6.1035

160

IST OUTPUT TAPE 6,103k

160

158 OUTPUT TAPE 6.1035

160

159 OUTPUT TAPE 6,1036

160 READ INPUT TAPE S, lO01

161 WRITE OUCPUT TAPE 6mlO01

162 READ I Nk°UT TAPE 5,1001
163 WRITE OUTPUT TAPE 6m1001

16_ lF(ICOUT)170tlTO. 165

I65 CTR=ICOUT

SHEL=ISHEL

216S JCIR=IICOUTtlOI+ISHEL

3165 GDI=IDG

_16S CTRID=ICTRmlOOOOOO.O)+(SHEL*IOOOOO.O)+AFID

I-(GOI*IO.O)

5162 00 TI6S J=i.NCTR

6165 IF(CTRIO-CTIOIJII/165,17_tlI65

1165 CONTINUE

8165 CTRIO=(CTR*IOOOOOO.OI÷{SHELolOOOOO.O)eAFID

166 DO 168 J=I.NCTR
161 [F(CTRIO-CTIDIJ)IIb8,17W,168

168 CONTINUE

169 WRITE OUTPUT TAPE 6.1037,CTRI0

ITO RESL=O.O

IT! CEFY=O.O
IT2 UEFY=O.O

IT3 GO TO !11

I/_ RESL=RESIJI

I15 CEFY=E_FFIJ)

176 UEFY=EPFU(J)

I_T [F(LP)I86,186,179

IT9 READ .IhlPur TAPE 5,1038.KODEtMO, IDAY,IYR,IHR.MIN,PCT,

IJPCOU,JPSHE,.PBKCT,PBKOR.PCTD,PTC¢
2179 JPCT=[JPCOU*IO)+JPSHE

3179 OAY=IDAY

kiP9 HR=IHR

5179 AMIN=MIN

180 WRITE OUTPUT TAPE 6,1039

181 IFIPCT)51.SI,I83

182 PCT_ASDT

N-G,M

N-P,S

N-P,M

N-A,S

N-A,M

N-2N,S

N-2N,M

N-F,S

N-F,M

MULT

LOCATION

LOCATION

COMMENT

COMMENT

HEADINGP



183 PBR=PBKCT/PBKDR

2183 PCR_(PTCT/PCTD)-PBR
3183 PSTO=IIOO.OmSQRTFI(PCRIPCTD)+(PBR/PCTDI÷IP8RI

IPBKDR)))IPCR

18k PB6TD=.IOO.OISQRTFIPBKCT)

2184

185

186 WRITE OUTPUT TAPE 6110kl

187 SUCPM=O.O

188 SUDPS=O.O

189 SUFLX=O.O

STDU=O.O

190 KI=O

191KJ=O

192 KL=O

193 LI=O

19k SNCPM=O.O
195 SNDPS©O.O

196 SNFLX=O°O

STDN=O°O

191 MI=O

198 MJ=O

199 MK=O

200 LJ=O

201 DO 318 M=i,NC

2201 IF(IAUTO)2021202t3201

3201 READ I I_PUT TAPE 5,105S, IA, IB,

k201 READ INPUT TAPE S, IOSS,IA, _,

IIG

5201 IFiLE}T201,7201,6201

6201 WRITE OUTPUT TAPE 6elOSBtM, IA, IB

GO TO 318

7201 JCT=IJCOUmlO)+JSHE

JBCT=(J_COUeIOI÷JBSHE

IF{JCT-JBCT|8201j2203f8201

8201 WRITE OUTPUT TAPE 6t1059

GO TO 2203

TPSDT=SDT-PCT

wRITE OUTPUT TAPE 6,10_O,JPCOU_JPSHE,PCTmTPSDT_PBR,PBSTD,PCRtPSTD

23

JCOU_JSHE_CT_TCTtCTD, IC_NS

JBCOUtJBSHE,BCT,BKGCTtBKGDR,IC,

HEADINGC

202 READ INPUT TAPE SjIO38_KODE,MO, IDAY,IYR,IHRtMINp

ICT,JCOU,JSHE,BKGCT,BKGDR,CTD,TCI,NS

203 JCT=(JCOU*IO)÷JSHE

2203 BKG=BKGET/BKGDR

3203 DAY=IDAY

k203 HR=IHR

5203 AMIN=MIN

6203 ACR=TCTICTD

20_ IFICT)51,51_206

205 CT=ASDT

206 IFIIP}23S,235m20/

207 DKY=CT-PCT

2207 IF(DKY)3207p3201_208

3207 JYR=IYR-I

LY=O

_207 LEAP=19Sb_Ik'LY}

IF|JYR-LEAP)6207t7207,5207

5207 LY=LY+I
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GO TO k207

6207 DKY--,CT÷(S2S_OO.O-PCT)

GO TO 208

7207 DKV=CTtlS270kO.O-PCT)

GO TO 208

208 [F(ALAN(¢i)211,21i,209

209 ABKG=PCR*EXPF(-ALARil}*OKY)

210 GO TO 236

211 IF(T2II)-DKY)21_,21kt212

212 ABKG=PCR*EXPFI-ALANI(I}*DKY)

213 GO TO 2]6

21k IF(T](II-DKY)218t218t215

215 DT]=DKY-T2(I)

216 ABKG=PER*EXPF|-IALAHI(I|*T2II)I-(ALAN2II|*DT]))

2ZT GO TO 236

218 IF(T_III-DKY)223t22]t219

219 DTk=DKY-T]|[}
220 OT3_¢3|I}-T2II)

221ABKG=PCR*EXPFI_(ALAMIII)*T2II))-IALAN2II)*DT3)

I-(ALAM3II)*DTk})

222 GO TO 236

22_ IFITSII}-DKY}229e229,22k

22_ DTS=DKY-TkII)

225 DT_=T_II)-T3(I)

226 OT3_T3(I)-T21I)

227 ABKG=PCR*EXPF(-(ALANI[I)*T21[))-[ALAM2(I)*DT])

I-(AEAM3(I)*OT_}-(ALAM_(I)*DTS))

228 GO TO 236

229 DT6_DKY-TSII}

2]0 DTS_TSII}-TkI[I

231DTk=T_{I}-TS(1)

232 DTS=TS{I}-T2(I)

233 ABKG=PCReEXPFI-{ALAMIII)eT2|II)-IALAM2{|)*OTS}

I-(ALAN311}*DTk)-(ALA_III*DT5}-(ALANSII)eOT6})

23_ GO TO 2]6

2_5 ABKG=O.O

P$TD=O°O

236 IF[JCTI2236,223615236

2236 JCOU=ICOUT

]2]6 JSHE=I.SHEL
• 236 GO TO 2k9

$236 IF(JCT-JCTR}_37t2_9e237

237 CTR=JCOU
2237 SHEL=JSHE

323T CTRID=(CTRtlOOOOOO°O)÷[SHELmlOOOOO.OI÷_FID

1-{GDI*IO.O}

k237 DO 6237 J=IvNCTR
5237 IF(CTRIO-CTID(J))6257_2k6_6237

62]T CONTINUE

725Z CTRID=(CTRelOOOOOOoO)_ISHEL*IOOOOO.O)+AFID

2_8 DO 2kO J=IINCTR

2]9 IF(CTRID-"CTIDIJ))240,2_6_2_O

2_0 CONTINUE

2_! WRITE OU_PU_ TAPE 6elO]TeCTRID
2_2 RESL=O°C
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2_3

24_
2_

2_6
247

2_8

2_9

250

251

252
253

25_

255
256

257

258
259

260

261

2261

3261

4261

5261

6261

7261

8261

262

1

263

2263

3263

k263

5263

6263

T263

26_

26S

I

266

26T

268

269

270

21'1

2}'2

273

2T_.

275

CEFY=O.O

UEFY=O.O
GO TO 2k9

RESL=RES{JI

EEFY=EFF{J)
UEFY=EFFU(J')

]F(RESL)250,250,253

BKGR=BKGeAB_G

ACRR=A_R

GO TO 255
BKGR=IBKG+ABKGI/(I.O-I[BKG÷ABKG),RESL}I60.O)

ACRR=ACRIII=O-{ACR-RESL}/60.O)

IF(SELFA(I)1256.256.259
BKGRB=SKGR

ACRRB=/_,T, RR

GO TO 261
BKGRB={BKGR_SELFA{LI)/(1.O-EXPF(-SELFA(I)))

_CRRB={ACRR*SELFA(L)I/(1.O-EXPFI-SELF&(]I))

CR=_CPJRB-BKGRB

IF{CR}.3261,3261,262

SID=O.O

CPM=OoO

DPS=O.O

FLUX=O.O

DECAY=CT-STO

GO TO 292

STD=[iOO.OtSQRIF({CR/CIDI+(BKGRB/CTD)

+{8K/GRB/BKGDR))IICR

DECAY=CT-SDI

IF(DECAY)3263.3263e264

JYR=IYR-i
LY=O

LEAP=I956+Ik'LY)

IFIJYR-LEAP}6263t7263.5263
LY=LY÷I

GO TO k265

DECAY=CTe[525600.O--SDT)

GO TO 26k

DECAY=CT+I52}'OWO.O-SDT)

GO TO 26k

IFIALAMI[)1267,267,265

CPM={CRoEXPF(ALAM(I]eDECAY))IIPNF[I}"

FMASS{I)=ABO{I)=O.OII

GO TO 290

IFIT2{I)-DECAY)2/O,270,268

CPM=ICReEXPF(ALAMI{I)*DECAY))/(PNF{I)*

IFMASS(1)uAB[)([)=O.OI)

GO TO 290

IFII31I)-DECAY)27k,27_,271

DCT3=DECAY-T2(I)

CPM={CR=EXPFIIALAMIII)*T2II)}+KALAM2(I)*DCT3)))

II{PNF(1)*FMASS(I)-ABD(I}*O.OI}

GO TO 290

IF(Tk[I)-DECAY)279,279_2_5

DCTk=DECAY-T3{I)
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2T6 DCT3=T](I)-T2(I)

2TT CPN=ICR_EXPF;IiALAMIII)*T2(L})÷IALAN2(I)*DCT$)

I+IALAM$(I)*OCTk)))I(PNF([)*FMASSIIIoABD(])*O.O1)

278 GO TO 290

219 lF(TS(Z)-DECAY)285_285,280
280 DCTS=DECAY-Tk([)

281DCTk=_klI)-X3(I)

282 DCT3=I3(I)-T2(II
283 CPH=ICR*EXPFK$ALAHIKI)*I2KL)I÷(ALAH2(1)*

1DCT$)+IALAM31II*DGT_I÷IALAM_(I)oDCT5)))/(PNF|I)

2,FMASSII)mABO(I)*O.O1)

28_ GO TO 290

285 DCTb=DECAY-T5(])

286 OCTS=rSll)-rk(I)

287 DCIk=TkII)-T3(I)

288 DCT3=T3(1)-T2(I)

289 CPM=(CE=EXPF(|ALAMI(I)*T2(I))÷IALAH2([)*

IDCT3)÷(ALAM3(I.)*DCIk)_(ALAMk(I)mDCTS)+

2{ALANSKI)*DCT6]))/(PNFKI)-FMASSK[)IABD(|)*Oo01)

290 DPS=CP_/[CEFY_0.6)

291FLUX=IDPS*ATWT(I)I/(O.6025tXSECTIE))

292 IFINS):306t306,293
293 LI=L[_!

29_ SUCPN=SAJCPM÷CPH

295 $UDPS=_S4JDPS+DPS

296 SUFL_=SJUFL_FLUX

297 STDU=STDU_(STDm*2)

298 IFICPH)299o299p300

299 KI-K[_I,

$00 [F(OPS)3Olw]OIt302

JO! KJ_KJ÷I

]02 [FIFLUX)305_]03=30k

303 KL=KL÷i

30_ WRITE OUT_U/ TAPE 6mlOk3mJCOUtJSHEIDECAYtBKGRBt

ICRmSTDtCPHeDPS,FLUX
30_ GO TO 318

306 LJ=LJ÷!

]01 SNCPH=SNCPM÷CPM

]08 SNDRS=SNDP_÷DPS

]09 SNFLX=SNFLX#FLUX
310 STDN=SIDN_(STD*=2}

311 IF(CPN)312.312.31]

]!2 Mi=MI+l

31) IFfDPSI31_,31W,315

31W MJ=MJ_I

31_ IFIFLUX)316,,]16_317
316 NK=MK+'I

lIT WRITE OUTPUT TAPE 6.10_k. JCOUoJSHEeDECAY_BKGRB.

ICRoSTDtCPMeOPSeFLUX
318 CONIINUE

319 IFIL[)337.337_320
]20 IJ=LI-K[

321AIJ=IJ

322 IK=LI-KJ

32] AIK=IK

CPM

CPM

DPS

DPS



32_ IL=LI-KL
325 AIL=IL

326 ACPM=_UCPM/AIJ

327 ADPS=SUDPS/AIK

328 AFLUX=SUFLX/AIL

329 PD-OoO

330 DO 332 K=ltNP

33i PD=PD÷(EP(KIo*2)

332 CONTINUE

333 A=SIDU*PD_(PSID'*2)

33_ ASTDC=SQRTF(A|

33_ ASTDD=SQRTFIA÷(UEFY--2))

336 GO TO 3k2

337 ACPM=O.O

3_8 ASTDC=O.O

339 AOPS=O.O
3_0 ASTDD=O.O

3kl AFLUX=OoO

]k2 IFiLJ)360.360=34$
3_3' JI=LJ-MI

3_q BJI=JI

SWS JI('_LJ-MJ

3W6 BJK=JK

3_7 JL_LJ-MK

3k8 BJt=JL

3_9 BCPM=SNCPM/BJI

3S0 BDPS=SNDPS/BJK

351B.tFLUX=SNFLX/BJL

352 PD=O.O

]_3 DO 355 K=I,NP

35k PO=POe(EP(RI:m*2I

355 CONTINNJE

356 B=STDN_PD÷IPSTD**2)

35T BSTOC=SQRTF(B)

358 BSTDD=SQRTFKB_(UEFY*'2))

359 GO TO 365

360 BCPM=O.O

361 BSTDC=O.O

362 BDPS=O.O

363 BSTDD=O.O

36k BFLUX=O.O

36_ WRITE OUT'PUT TAPE 6elOk5

366 WRITE OUTPUT TAPE 6.10_6tACPMtASTDC_ADPS,

1ASTODtAFLUXIASTDOtBCPMtBSTDCeBDPStBSTDD_

2BFLUX,BSTDO

236& IFIACPM)3366,3366,k366

3]66 WCPM=BCPM

WDPS=BDPS

WFLUX=BFLUX

WSTDC_BSTDC

WSTDD=BSTDQ)

GO TO 372

_366 IFIBCPMI5366,5366,367
5366 WCPM=ACPM

WDPS=ADPS

27

FLUX

FLUX

CPM

CPM

DPS

DPS

FLUX

FLUX

HEAOINGA
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36?

368

369

370
371

372
I

373

237S

337_
_375

376

377

5BO

381

382
383

2383

38_

385

386

38_

388

338B

]89

2389

3389

390

391

392

393

39W

395
396

397

398

399

_00

_01

k02

_03

WOI

_05

_06

WJFLUX=AFLUX

WSTDC=ASTDC

WSTDD=ASTDD

GO TO 372

WCPM=IACPM÷BCPMI/2.0

WDPS=(ADPS_BOPS)#2.0

WFLUX={AFLUX+BFLUXII2.0

WSTDC=SQRTFI;IASTDC'i2)+IBSTDC'*2))

WSTDD=SORTFIiASTDDe*2}+iBSTDD''2}|

WRITE OUTPUT TAPE 6tlOW(,WCPM,WSTOC,WDPS,

WSTDDt_FLUXpWSTDD

GCPMiLI}=WCPM

GDPS(L|=WDP_

FOLNO=NFL

IFII-AUTOI 3375p3375.3375

FL|DiL)=iFD_*I00.O)_FOLNO
GO TO 376

CONTINUE

READ INPUT TAPE 5.1002,NPOS

IFiNPOS)WIItWIIt3T9

WRITE OUT@UT TAPE 6.10k8,1I

DO klO N=ItNPOS

WRITE OUT@UT TAPE 6.10SltN

READ INPUT TAPE S.IO01

WRITE OUTPUT TAPE 6.1001

IFII.AUTOI 38W_38_,38k

READ INPUT IAPE S, IOW9,(KFINKI,KG[NK),NK=ItlO)

READ INPUT TAPE 5.10SO_(KDINKIINK=ltlO)

WRIIE OUTPUT TAPE 6.1052

DO k09 NK=I_IO

IFi(RFIN.K.I}b_9.kOgt33_8

IF||AUTO) 389p389.389

HKF(NK)=KF|NK|

HKG(NdK)=KG|NK)

SFID|NK)=IHKFINK).I00.O)÷HKGINK)

DO 392 L=I_NF

IFISFID(NK)-FLIDIL|)392t397_392

CONTINUE

HCPN(NK)=O.O

HDPS(NK)=0oO
L=O

GO TO kO7

HCPMIN_)=GCPNIL|

HDPgINKI=GDPS(L|

IE(_(O(NK)I_07.k0ls_00

IF(KF(NK)-KF(NK-I))WO7_k0Ipk07

SC=HCPM|NK-I}-HCPM(NK)

SD=HDPSINK-II-HDPS(NKI

IFISC|_OW_bO_.qO8

SC=O.O

SD=O.O

GO TO kO8

NO7 WRITE OUT_PU_ TAPE 6. t053.NK,SFIDINK).Le

1HCPMiNK)tHOPSINK)
GO TO k09

SUMMARY

POSITION

LOCATION

LOCATION

HEADINGS



_08 WRITE OUTPUT TAPE 6_IOSk=NKtSFID(NKI,L_

IHCPM(NKIIHOPS(NK}sSCeSD

_09 CONTINUE
blO CONTINUE

bII II=I.l_!

2_!1 IFINCON-II+tlkl2_kl2B_
I000 FORMATIIHItlIIIIII35XthbHNEUTRON ACTIVATION FOIL

IOGRAMt,/Ilifl)
1001FORMAT(72H

! )

1002 FORMATIIbI

1003 FORflATI/III:IISIX_IZHSTORED INPUT OAT&I/
l120H I ATOMIC FOIL REACTION FOIL

2OIL ISOTOPIC DECAY REACTION

3120H NUMBER GROUP NUMBER MASS

_ECULAR ABUNDANCE CONSTANT X-SECTION

5120H (GRAMSI

hEIGHT IPERCENI) (PER MIN) (BARNS}

IOOk FORMATII3,13tI2tFT.]eF6.3,FS.],2FB.3_3EIO.WI

IOOS FORMAT(Ib,EIk._,2E20.W)

DATA REDUCTION PR

FOIL FOIL F

SELF I

DIAMETER THICKNESS MOL

ABSORPTION I

(INCHI (INCH) W

CONSTANT I/l)

1006 FORMATII3_]XoI2eSxpI2,6XpIIt6X,OPF6.]_3X,OPF6.3tSX,OPF6.3wSx,OPFT.

13,_X,OF/.3t2XtlPEI_.W,2X,IPEII._w2X, IPEil.b)

1001 FORMATII3tI]sI2tSEIO.4}

lOOB FORMAT(I3_I3tI2,hFT.OI

1009 FORMATII8,2II_ /X, IPEIO._,3SH DECAY CONSTANT TO BE USED BETWEEN

|,OPFB.O,12H MINUIES AND,OPFB.O_BH MINUTES)

I010 FORMAT[IHI_/IIIIII39XjkOHREACTION NUMBER 1 = (NpGAMMAI REACTION/

139X,kOHREACTION NUMBER 2 = IN, PROTON) REACIIONI39X_WOHREACTION NU

2MBER 3 = (NtALPHAI REACTIONI]9X,4OHREACTION NUMBER k = (N,2NI

] RE_W_TION/39X,_OHREACTION NUMBER S = IN,FISSION) REACTIONI39X,3B

_HREACIION NUMBER 6 = MULTIPLE REACTIONSIIIII8X_8OHJ COUNTER SHE

SLF ATOMIC FOIL REACTION RESOLUTION EFFICIENCY EFFICIENCYI2

62XtllHNUMBER NUMBER NUMBER GROUP NUMBER TIME FACT

/OR UNCERTAINTYIbSXf33HISECONDS) [PERCENT) IPERCENT)///)
loll FORMAI(I]_I2=I3_I3, I2=E8.2,F8.3eFS.3)

1012 FORMATIITXtI3=kKmI2t_XeIi_TX,I2,6X, I2_6X,II_X_IPE9.2,kX.OPFT.3_SX
i_OPF7.3|

1013 FORMAT(IHI_IIII/II]3X_SIHFOIL REDUCTION DATA ARE GIVEN AS SATURATE

ID ACTIVIIYIW3X_3_HCORRECTED TO REACTOR SHUTDOWN TIME/kkX,31HFOR IH

2E FOLLOWING CONFIGURATION/l/)

I01_ FORMATIIII/_IIkBX_2_HREACTOR POWER INPUT DATA//II/IBX=BOHK REA

ICTOR POWER POWER UNCERTAINTY TIME AT POWER INTEGRATED

2POWERI2_X_69H(WATTS) (PERCENT) (MINUTES)

3 (WATT-HOURS)ill)

lOIS FORMATiFIW.2_FI.2_FT.0)

1016 FORMATIITXeI2_SXeOPFI3.2_IIX_OPFS°2_I_x_OPFl.2_IOX_IPEII._)
1017 FORMATII_, 12,13_13,15,13_12,FZ.0,15_12,I6l

iOIB FORMAT(I/X, IHTOTAL =,lPEII.klllllll)

1019 FORMAT(6X_21HREACIOR SHUTDOWN TIME_Fg.0_k6H MINUTES FROM 0000 HOUR

1 JANUARY I DATE,Ik,I_,I6,9H TIME 212)

I020 FORMATIIHI_II/II/IklX_2_HPOWER SATURATION FACTORSIIIII3OX_6OHI

I FOIL INDEX POWER SATURATION FACTORS (WAITS)Ill)

I021FORMAT(29X_I2_IOX_OPFb. O_IgX,|PEII._)

I022 FORMATII],I2,[2,12, IS,15,12,12)

I023 FORMAT(IHI,I/I/II/_kX_JIHDATA REOUCTION FOR FOIL NUMBER _I_,12_I2)

29



3O

102k

IO25

1

1026

1027

1028

1029

IO$O

I051

1032

I O33

I051o

!035_

1036

FORMAT(IIIbXt?9HERROR - NO REACTION INDICATEO

I REDUCTION ASSJUMES FOIL INDEX,OPF9.0t//)
FORMATI//28X_IBHERROR - FOIL INDEX,OPF9.0e37H

ON DATE SHEET - DATA

NOT LISTED IN TABLE

1031 FORMAT(II26Xe21HERROR - COUNTER INDEXfOPFIO.O_37H NOT LISTED IN T

IABLE OF STORED |NPUTel/)

1038 FORMET(E2,I3,|3,I5, I3tI2eFToO_I3, I2,F6.0tF3.OIF6.2,FT.OII2)

1039 FORHAT(ltI/_SXe28HPREIRRAOIA[ION COUNTING DATAII/BX,98HCOUNTERISHE
ILF TIME AT COUNTING TIMEPRIOR TO REACTOR BACKGROUND COUNT R

2ATE COUNT RATE/IIXe96HNUMBER (MIN FROM 00001 SHUT

3DOWN TIME IMIN) (COUNTS/MINI (COUNTS/MIN)///|

lOAD FORNAr(IIXeI2_3XeIle9XtOPFT.OtI6XtOPFT.OII2X_OPFB.213H • t0PFk, ll_

IH 0/0tkXt0PF9.3t3H • _OPFk. lpkH 0/0)
10El FORMATI/I/IS3Xtl3HCOUNTING DATA//I120H COUNTER DECAY TIME BACKG

IROUND COUNT RATE STD DEV SAIURATEO ACTIVITY SATURATED ACTIV

2ITY EFFECTIVE FLUX 1120H SHELF (MINUTES} (CTSIMIN)

$(CTS/MIN) (PERCENT| |CTSIMIN-GNIISO)-W) (DIS/SEC-GMIISO)-W) (

_N/SQ CM-SEC-W) /11]

lOW2 FORMATE|Bt2I/p TXtlPEIO.We_BH DECAY CONSTANT TO BE USED FOR TIME G

IREArER THAN. TX,OPF8.OtBH MINUTES)

10k] FORMAT(3H U_.2X,12,I2tkXeOPF6°OwkXtOPF8°2tSXmOPF9.2,]XpOPF6.2eTXti

IPEILI.N, IOXtIPEII°_9XtlPEII.k)

IOk_ FORMATI3H NS.2X,I2,I2._X,0PF6°0._XeOPFB.2,SXtOPF9.2_3X_0PF6.2pTX_|
IPEII._tl0XtlPEll,k,9XzIPEiI°k|

10_5 FORMATIIll21X6IHAVERAGE SATURATED ACTIVIIY AVERAGE SATURAT

lED ACTIVITYpIbXI2HAVERAGE FLUXml19X_ 96HICOUNTS/MIN-GN(1SOTOPE)-WA
2IT) IDISIMTEGRATIONSISEC-GMIISOIOPE)-WATT) INEUTRONS/SQ CM-SEC-W

tATT)I/I)

IO_b FORMATI22H UNNUMBERED SIDE (US)IIPEI2._t2H m=OPFT.2tkH OIOtIPE24.

lkw2H e,OPFT°2ekH O/O=IPEIT.ke2H *_OPFT.2ekH OIO_/20H NUMBERED SID

2E INS]._IPEI_°W_2H e,OPFT,2,kH O/0elPE2k,_2H •_0PFT.2_kH'0/0_iPE17

3._2H meOPF_.2t_H 0]01

IOk7 FORMATII8H AVERAGE OF SIDESelPEI6.kt2H •_0PFTo2_kH O/O,IPE2k.k_2H
I *t0PFT°2_k,H 0/0_IP_i7._2H _0PFT.2_H 0/0)

lOEB FORMAT(IHItklX_I3HCONFIGURATION_IS_IkH DATE SUMMARY,//|

10_9 FORMATIIOIIS, L2))
IOSO FORHAT(Ik.9IL_))

1051FORMATII/IW9X8HPOSITION,IS_/I/I
1052 FORHATI//71X_29HBARE FOIL MINUS FILTEREO FOILe/8kH N FOIL D

IATE SATURATED ACTIVITY SATURAIED ACTIVITY SATURATED ACTIVI

2[Y,21H SATURATED ACTIVIIY,15X, IDOHNUMBER LOCATION (CTSIMIN-GM(

$[S0)-W1 (DIS/SEC-GMIISO)-W) (CTSIMIN-GM(ISOI-W| (DISISEC-GMIISO

_)-W),///)

1053 FORMATlI3tFB.0, IT,IPE20._,lPE21.h)

OF STORED ]NPUTtlI)
FORMETIWkX,33HIN.G&HMA) REACTION - SIMPLE DECAYtlII)

FORMATKW3X_35H[NtGANMA) REACTION - MULTIPLE OECAYt///)

FORNAT(k3Xt3kH(N=PROTON) REACTION - SIMPLE DECAYe///)

FORMAT(k2X=_6H(NtPROTON) REACTION - MULTIPLE DECAY_///)
FOR_ETI_kX_33H{NeELPHA) REACTION - SIMPLE DECEY_II/)

FORMATIk3Xt]SHINeALPHA| REACTION - MULTIPLE DECAY_///)
FORMATIkSX=3OHIN_2N) REACTION - SIMPLE DECAY=///)

FORMAEL_k_t32HIN, 2N) REACTION - MULTIPLE DECAY_///)

FORMATiN]X_35HINeFISSION) REACI|ON - SIMPLE DECAYt/I/)

FORHAIKk2Xt3?H(NtFISSION| REACTION _ MULTIPLE OECAYe/II)

FORMATKSIX_IBHMULTIPLE REACTIONS_I/II
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105_ FORHAT(I3eF_oOtIltlPE20._llPE21o_,IPE20.ktlPE21._)

lOSS FORHAT|I3eI_vI$112tOPFSoOtOPF8oO,OPF8.2pl6wI2)

I058 FORMAYI/122Xt3SHERROR - SECOND INPUT CARD FOR COUNTtI3t35H NOT BA
ICKGROUND DATA - FOIL NUMSER,I2_IktI/}

lOS9 FORNA'i/I]3%.kSHERROR - BACKGROUND TAKEN ON DIFFERENT COUNTERt//)
k12 CON[INUE

CArL _XII

END
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The descriptive statements, such as identification of the author,

facility, foil location, etc. , may use any combination of letters,

numbers, or standard IBM symbols in columns 2 through 72.

Under no circumstance should any number, letter or symbol be

entered in column 1 of any card since column 1 controls the operation

of the system tape.

The sample problem input data sheets were devised for the most

general applications;if the program is to be used for more specific

applications, data sheets may be simplified by eliminating space for

entry of'unwanted data. For example, if one always records time

from the end of the foil exposure, the input data sheets need not show

columns for entry of the month, day, year, and military time; they

might have, instead, an indication to the key punch operators to skip

to a specified column for the elapsed time entry. Furthermore, format

statements may be changed to eliminate unwanted input data or to

reorganize the input quantities if this facilitates utili_.ation off,he

program.

Standard Data Input

Input Data Sheet Number 1

Card No. 1 Name

Card No. 2 Facility
Card No. 3 Test Identification

(Any combination of letters, numbers, or standard symbols

may be used)

Input Data Sheet Number Z

Card No. 1

Card No. 2

Number (_< 99) of foil

types (columns 5-6)

Foil physical and

nuclear data for

simple decay
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Columns

g-3

5-6

I0-15

17 -Zl

23-26

28-34

36-42

44-52

Each elemental foil is identified by the atomic number

of the foil material. (Compounds and mixtures require

a special numerical notation which is at the discretion

of the user. )

Each type foil may be categorized into 99 or fewer

groups to permit classification by mass, diameter,

thickness, purity, etc. Each of the 99 groups may

contain up to 99 foils (up to 9801 foils of each material).

Since a given type foil may be used for more than one

neutron induced reaction, and since the decay character-

istics of the resultant unstable isotope are unique for a

given reaction, the foil identification includes a reaction

index between i and 5 as follows:

Reaction index = 1 for (n,?) reactions

= Z for (n,p) reactions

= 3 for (n, CL) reactions

= 4 for (n, gn) reactions

= 5 for (n, fission) reactions

Foil mass in _rams

Foil diameter in inches

Foil thickness in inches

Atomic weight for elemental foils; molecular weight

for compounds and mixtures

Abundance (weight percent) of target isotope in foil

material

Decay constant for unstable isotope produced by the

specified reaction expressed in units of reciprocal

minute s

54-62 Effective reaction cross section expressed in barns
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Column

64-72 Self-absorption constant (self-absorption coefficient

times the foil "thickness" in compatible units) for

compensation of finite thickness foils

Input Data Sheet Number 3

Since complex decay schemes are sometimes

encountered (notably for fission foils), a pro-

vision has been made for inclusion of five

decay constants each to be used during a parti-

cular portion of the decay.

Card No. 1 Foil physical and nuclear

data for multiple decay

Card 1 is filled out the same as was Card 2

on Sheet 2 with the specification of a reaction

number 1 through 6 and the omission of item 9

(colu_rnns 44-52). The omission of item 9 and

the subsequent inclusion of cards 2 and 3

automatically define a multiple decay which

will be indicated on the data output. Reaction

number 6 is used for multiple reactions.

Card No. 2 Decay constants for

specific time intervals

The complex decay scheme is to be approxi-

mated by five or less simple decay constants;

if fewer than five constants are used, the last

constant should be entered in the remaining

decay constant positions.

Card No. 3 Upper time limits for

decay intervals

The time entries (minutes) are the upper limits

of the decay intervals assuming an initial point

of zero time. The fourth time entry is also

understood by the program to be the lower limit

of the fifth decay interval.
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Column

2-3

7-8

i0-ii

13

15-21

23-29

32-37

Input Data Sheet Number 4

Card No. 1 Number (_< 500) of

counter constant cards

(columns 4-6)

Card No. 2 Counter constant data

Each counter is to be identified by a number between

1 and 99.

Since some counters are provided with several shelves

or foil-counter geometries, the second entry defines

the counting geometry or technique.

Rather than consuming machine storage with double

indexing, the foil identification is included as part of

the counter index. The third entry is the atomic

number of the foil.

Foil group number. If the efficiency factor is to be

used for all foil groups, leave this entry blank.

Reaction number

Reaction index = 1 for (n, 7) reactions

= 2 for (n, p) reactions

= 3 for (n, a) reactions

= 4 for (n, 2n) reactions

= 5 for {n,f) reactions

= 6 for multiple reactions

Counter resolving time in seconds

Counter efficiency factor for the specific type foil and

reaction (percentage - number of recorded counts per

disintegration)

Percent uncertainty in the counter efficiency factor

Repeat Card No. 2 procedure as many times as

indicated on Card No. 1.
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Column

2-3

5

7 -21

23-Z8

30 -33

35

Input Data Sheet Number 5

Card No. 1 Number of configurations

or reactor runs for which

data are to be reduced

(columns 4-6)

Card No. 2 Configuration identification

Card No. 3 Configuration data

Number (,< 10) of power levels used during reactor run

_f long periods are used and it is desired to include

the activation during the power buildup, the buildup

should be approximated as a step function.)

Constant code number (1)

As a means of determining the length of time between

the end of irradiation and counting time, all times are

converted to minutes from 0000 hour January 1st. If a

digital clock is available to record the elapsed time

since 0000 hour January 1st, the actual time in minutes

may be recorded in columns 23-28; if, however, no

clock of this nature is available, the calendar date

(month, day, and year) and military time are to be

entered in columns 7 through 21. The program has a

built-in calendar for converting calendar dates to the

elapsed time, accounting for leap years and differences

in years should the test period extend over December 31.

If digital clocks are used for recording the elapsed time

between the end of irradiation and. counting time, no

entry should be made in columns 7 through 28.

Elapsed time (minutes) from 0000 hours January 1st.

Number (_< 9999) of foils to be reduced for given con-

figuration or reactor run.

To be.used only with automatic data readout systems

(see Appendix If).
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i

Column

2-14

16-21

23-28

Card No. 4 Reactor run data

Reactor power {watts}.

Percent uncertainty in reactor power level.

Duration {minutes} at power level.

Repeat Card No. 4 procedure as many times as

indicated on Card No. 3, Item No. 1.

Column

2-7

II-12

14-15

17

19

Input Data Sheet Number 6

Card No. 1 Foil counting data

Foil identification number. The six digit foil identifi-

cation number is interpreted as follows: the first two

digits are the atomic number of the foil material; the

second two digits indicate the foil group; and third set

of two digits is the foil number in the given group.

Reaction number corresponding to isotopic decay to be

measured.

Number (_< 99) of times the foil was counted and data

recorded.

Counter number if used for all counts.

Shelf number or counting geometry index if used for all

c ount s.

Indicate whether or not the foil was counted prior to

irradiation. If no pre-ir¢adiation count was taken, leave

this entry blank. If a pre-irradiation count was taken,

enter a 1 and fill out "pre-irradiation data".

Card No. Z

Card No. 3

Card No. 4

Foil location

Comment Card

Pre-irradiation count data
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Column

2

4-18

20-25

27-28

3O

32-36

38-39

41-45

47-52

Column

2

4-18

20-25

Constant code number (2).

Time at start of pre-irradiation count, calendar date

and military time if no entry is made in columns 20-

25.

Elapsed time (minutes) from 0000 hour January Ist.

Cbunter number - if entries 4 and 5 of Card No. l

are filled in, these data need not be supplied; if,

however, data are provided both here and on Card

No. l and if the data differ, the input here will take

precedence.

Shelf number or counting geometry index.

Total number of background counts.

Background count duration (minutes).

Pre-irradiation count duration (minutes).

Pre-irradiation total counts.

Card No. 5 Counting Data

Constant code number (3).

Calendar date and military time if no entry is to be

made in columns 29-25.

Elapsed time (minutes) from 0000 hour January 1st.

If time is recorded from reactor shutdown time,enter

decay time (minutes) and check to make certain that no

date or time was entered on Sheet No. 5, Card No. 3.
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Column

27-28

30

32-36

38-39

41-45

47 - 52

54

Counter number - If entries 4 and 5 of Card No. 1

are filled in, these data need not be supplied; if,

however, data are provided both here and on Card

No. 1 and if the data differ, the input supplied here

will take precedence.

Shelf number or counting geometry index.

Total number of background counts.

Background count duration (minutes).

Count duration (minutes).

Total number of counts.

Side of foil which was counted. If numbered side of

foil was counted, leave entry blank; if, however, the

unnumbered side of the foil was counted, enter a i.

Repeat Card No. 5 procedure as many times as

indicated on Card No. I, Item No. 3.

Input Data Sheet Number 7

Card No.

Card No.

Card No.

Card No.

2

3

4

Number of data locations in given

configuration. If no data summary

is desired,leave this card blank and

omit the remaining cards on the data

sheet (columns 4-6).

Data location description.

Foil numbers (six digit numbers) of

foils associated with given data

po sition.

Indication of "filtered" (i. e. , cadmium

covered, etc.) foil. If foil is covered

with a neutron filter, such as cadmium

and if it is desired that the difference

between the foil listed in the pr'eceding

column and the given column be deter-

mined, enter a l, otherwise leave entry

blank.
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Repeat procedure for Cards 2, 3, and 4 as many

times as indicated on Card No. I.

PROGRAM INPUT LIMITATIONS

The following lists give the input data limitations for the various

quantities used in the program as dictated by the program memory

capacity.

Quantity

Number of foil types for foil constants

Number of multiple decay foil types

Number of counters for counter constants

Number of reactor power levels

Number of foils for any one grouping

in the data summary

Number of foils per configuration if data

summary is used

Number of foils per configuration without

summary

Number of counts per foil

Number of configurations

Quantity

Reactor power (watts)

Duration at given power level (minutes)

Foil mass (grams)

Background (total counts)

Foil Count (total counts)

Duration of background count (minutes)

Duration of foil count (minutes)

Limitin_ Number

99

50

500

i0

I0

I000

32,000

999

3Z, 000

Limiting Value

I0-2 < Pi < 109

i0-i < ti < 10 5

I0 -3 < Mf < 10 3

< 106

< 107

1 < tB < 10 3

10-I < tC < 10 4
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PROGRAM DECK SETUP

The following outline shows the proper arrangement of the binary

deck and input data cards for running the foil data reduction program.

i. Binary deck and system tape instruction cards, if any.

Z, Identification information (Data Sheet No. l).

3. Foil physical and nuclear data (Data Sheet Nos. 2 and 3).

4. Counter data {Data Sheet No. 4).

5. Configuration and power data for first configuration (Data

Sheet No. 5).

6. Counting data for all foils in first configuration (Data Sheet

No. 6).

7. Data summary information for first configuration (Data Sheet

No. 7).

8. Configuration and power data for second configuration (Data

Sheet No. 5).

Counting data for all foils in second configuration (Data Sheet

I0. Data summary information for second configuration (Data

Sheet No. 7).

ERROR RETURNS

The error returns which are printed out by the program are

listed here along with a discussion of the data errors which would

result in the error return.

"ERROR - NO REACTION INDICATED ON DATA SHEET -

DATA REDUCTION ASSUMES FOIL INDEX... XXXXX"
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The foil index generated by the program is a five-digit number,
AAGGR, where A.A is the atomic number of the target element, GG

is the group number, and R is the reaction index. All of the foil

constant input data are stored as a function of the foil index; to use

the constant data in the data reduction, the program must search all

of the foil constant indices until one of the indices is matched to the

foil index of the data being analyzed. If the reaction index were not

indicated on the foil counting data sheet (Data Sheet No. 6), the foil

index search would be fruitless. Assuming that, in general, only

one reaction would be of interest for a particular foil, the program

will reinitiate the foil index search, increasing the value of the

reaction index by one, until a successful index match is made or

until the value of the reaction index reaches six (6). Thus, if after

one or more iterations a foil index match is made, the program will

print out the above error return and continue with the data reduction;

if, on the other hand, the reaction index is raised successively

through all permissible values and the search is still fruitless, the

following error return is printed out and the program continues with

the next foil.

"ERROR - FOIL INDEX XXXXX NOT LISTED IN TABLE OF STORED

INPUT"

In addition to the situation discussed above, this error return

will be printed out if a reaction index is indicated on the foil counting

sheet but no corresponding foil data are included in the foil constant

input data.

"ERROR - COUNTER INDEX XXXXXXXX NOT LISTED IN TABLE

OF STORED INPUT"

Similar to the foil constant data, the counter constant data are

made available for use by searching counter indices. The counter

indices generated by the program are seven- Or eight-digit numbers,

CCS AA GGR, where CC is the counter number, S is the shelf or

counting geometry index, AA is the atomic number of the target

element, GG is the group number, and R is the reaction index. If

the counter index, generated from data suppli'ed on the foil counting

sheet, can not be matched with an index in the counter constant data,

the above error return will be printed out. In the event that the above

error occurs, the data reduction will continue and the saturated activity

will be given only in units of counts per minute-gram (target isotope) -

watt. It should be noted, however, that no corrections for resolution

losses can be included in the answer.
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APPENDIX I

SAMPLE PROBLEM

For the sample problem, examine the case where the data from

ZZ foils irradiated under three different conditions are to be reduced.

Further, let the d&ta represent seven types of foils:

Numb e r
Foil Reaction Atomic Number

of Foils

Magnesium MgZ4(n, p)Na 24 IZ 1

Aluminum A127{n, _) Na 24 13 5

Phosphorus p31(n, T)P 32 15 I

Sulfur S3Z(n, p)p32 16 l

Manganese Mn55(n, T)Mn 56 25 3

Copper Cu63(n, T)Cu 64 29 I0

Uranium U238(n, fission) 92 ' l

The physical and nuclear parameters for six of these foils are

listed on the second and third sheets of the input data. The data for

phosphorus were intentionally omitted to demonstrate one of the error

returns. The data for gold foils (atomic number 79) are included to

demonstrate that the list of data need not be restricted to those foils

for which counting data are being reduced. The multiple decay

constants for the uranium foils were determined from plots of typical

foil decays as shown in FIG I. The cadmium-covered aluminum

multiple decay constants were obtained from a knowledge of the two

competing fast neutron reactions in A127:

AiZ7(n,p)Mg 27, 9.5 minute half-life,

AiZ7(n,a)Na 24, 15 hour half-life.

Since the initial activation due to the two aluminum reactions is pro-

portional to the ratio of the spectrum-averaged cross sections, which

were assumed to be 4. 3 millibarns and 0.6 millibarns, respectively,

the decay constants may be determined from the composite decay

rates as shown in FIG Z.
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The counter data for the various foils, with the exception of the

uranium foils, are given on the fourth and fifth input data sheets. The

counter data for the uranium foil were omitted to demonstrate an

error return. It will be noted that the foil group constant for counter

data card number 5, (CTR-C-5), is zero since these data are to be

used for all three groups of aluminum (n, a) foils.

The three configurations or irradiation conditions were selected

to demonstrate all three methods of recording the time at completion

of irradiation. The first configuration data use calendar date and

military time; the second configuration data use direct determination

of the decay time; and the third configuration data use elapsed time

from the beginning of the year.

The input data for this sample problem exemplify nearly all the

practical situations which might arise during utilization of the program.

Special attention should be directed to the following foil-counting data

sheets:

I. On the data sheet for foil number 250168 of configuration 39A

(first configuration), the counter number has been indicated for each

count even though the same counter was used for all six counts.

Although this is permissible, some machine search time would be

saved if the counter number were indicated on card 250168A. The

time saving becomes significant only if the number of counter constant

cards is large and if the foil is counted many times.

2. For foil number 130199 of configuration 39A, counting data

are provided for both sides of the foil.

3. For foil number Z9010Z of configuration SSR-VI-C (second

configuration), counter number 18 is specified on card 290102A.

Examination of the counter-constant data reveals that no data are

given for counter 18 so that the error return, "ERROR-COUNTER

INDEX 18129011 NOT LISTED IN TABLE OF STORED INPUT,"

will be printed out. The indication of counter 13 on card 290102E,

however, will supersede the data given on card 290102A and the data

reduction will continue.

4. Foil counting data are supplied for foil number 150101 of

configuration SSR-VI-C. Foil constant data for this foil are not

provided on the second and third data sheets; therefore, the error
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return, "ERROR-FOIL INDEX 15014 NOT LISTED IN TABLE OF
STORED INPUT, " will be printed along with a listing of the input data
for this foil and the program will proceed to the next foil.

5. The reaction index (R) for foil number 290101 of configuration
SSR-VI-C has been omitted from card Z90101A. Since the program
will search for foil data for index 29010 which is not in the table of
foil constants, the value of R will be increased until a matching index
is found in the table, which, in this case, will be 29011. The error
return, "ERROR-NO REACTION INDICATED ON DATA SHEET -
DATA REDUCTION ASSUMES FOIL INDEX 2901l, " will be printed
and the program will continue with the data reduction.

6. Foil 130114 of configuration USS-VAL (third configuration) is
a combined decay of the aluminum (n, p) and (n, a) reactions as
discussed earlier.

7. The uranium foil data, foil number 9?.0858of configuration
USS-VAL, indicates counter number 2 on card 920858A; since no
uranium foil data are given for this counter, the error return,
"ERROR-COUNTER INDEX 2192085 NOT LISTED IN TABLE OF
STORED INPUT" will be printed out. Also, data are included for a
pre-irradiation count (P= l on card 9Z0858A and card 920858D).
Because no counter data are available, answers will be given in units
of counts per minute-gram (target isotope) - watt only.

Various aspects of the data summary option are demonstrated
for the three configurations. If the foil data are reduced in a random
order as for configuration 39A (first configuration) and it is desired
that the results be listed according to foil location as shown on the
summary sheet, the program will automatically organize the data.
The data summary for configuration SSR-VI-C (second configuration)
demonstrates the method of obtaining sub-cadmium activity data for
the copper foils included in the data reduction. In the first instance
(card C SSR IA), the activity of foil number 290111 will be subtracted
from the activity of foil number 290101. For the second set of data

on this card, however, the cadmium-covered foil activity is greater

than the bare foil activity so that the subtraction will result in a

negative number; the program will indicate the difference as zero,

however. The program will automatically discern that the last two

foils listed on card (C SSR IA) are different elements so that no

subtraction will be made even though the program is instructed to do
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so on card (C SSR 1C). On card (C SSR 2B), foil number 170000 is

included in the summary data; since foil number 170000 was not

included in the counting data, zeros will be indicated in the summary

data output for all quantities.

The sample problem, consisting of data from Z2 foils and 3

configurations, required less than two minutes of IBM-7090 machine

time.
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INPUT DATA LUTING

NAME I_ K. ZOLLER PHONE 816-0486

FACILITYILAB MARSHALL SPACE FLIGHT CENTER

SAMPLE PROBLEM FOR FOIL DAIA REDUCTION PROGRAMTESI

11

29 7 I .788

79 1 I .100

12 I 2 .1329

13 ! 3 .$77

25 I I .007

16 2 2 2.850

13 2 3 .577

13 3 3 .577

29 I i 8,037

13 1 6 .577

CONSTANT

.750 .017 63.5_0 69,000 9,0176-04 FOIL C I

.394 .002 197o000 i00.000 !.7824-04 FOIL C 2

o_50 .062 24.320 78.800 7°6857-04 4.8000-02 FOIL C 3

• 750 .030 26.980 100o000 7°6857-04 1.1000-01 FOIL C k

.39k .002 54.9k0 I00.000 k,k77W-03 FOIL C 5

.750 .250 32.066 95.000 3o35b1-05 3.0000-01 5. O000-OIFOIL C 6

.750 .030 26.98_ IO0.O00 7.6857-04 i.!000-01 FOIL C 7

.750 .030 26.980 I00.000 1.6857-04 1.1000-01 FOIL C B

._50 .125 63°540 69°000 9.0176-04 FOIL C 9

.750 .030 26.980 100o000 1.1000-01 FOIL CIQ

13

13
92

92

92 8 5 40 I00
13

31 I 29 07 I 2.0k-Ok

32 I 29 07 1 1.92-04
33 I 29 07 I 2°88-04

37 I 29 07 I 1.8'0-04

1 13 00 3 2.60-05

! 6 5.2022-02 7.0124-02 7.3576-02 7°6857-04 7.6857-0_

I 6 30 60 90 9C

8 5 4.824 .750 .025 238.125 !00.000 0.0000-00 5.4000-01

8 5 3.0202-02 i.5715-02 9.1938-03 2.1239-03 7.333_-04

275 650

.k55 I0.

.452 10.

.553 10.

.490 i0.

4.100 IO.

41 ! 12 O1 2 8.70-07 56.300 I0.

32 I 25 OI ! 1°92-04 6.500 10.

33 I 25 OI :I 2.88-04 6.670 I0.

36 I 25 OI I 1.91-04 6.610 i0.

5 1 13 O1 6 2.8_-05 4.330 10.

13 I 29 OI 1 15.494 20.

Ik ! 29 OI I 13.894 20.

!! I 16 02 2 8.629 20.

3

CONFIGURAII#N OT7 39A

I _ 9 1958 1935 I0
80. I0. 31.5

i000. 5. 3S.5
20000. 5. 54.

500000° 5. 180.
290794 1 3 33 I

FOIL _OCATION FOIL CARD I OF CONFIGURATION 39A
TYPE COUNTER END WINDOW

3 4 II 1958 0959 16 I 3. 38947 i

3 t 11 1958 17_7 16 I 3. 29371 1

3 4 12 19S8 1015 17 1 5. 18371 I

290T83 1 3 31 I

FOIL LOCATION FOIL CARD 2 OF CONFIGURATION 39A

[YPE COUNTER END WINDOW

3 k I_ 1958 0051 16 1 3. 1_554 1

3 4 Ib 1958 0825 160 i0 5. 11854 1

3 _ 14 1958 1606 14 I 7. !ii04 I

290778 1 3 37 1

FOIL LOCATION FOIL CARD 3 OF CONFIGURATION 39A

FOIL C1Q

FOIL CIQ

FOIL CII

FOIL CI1

FOIL CII
NO. CTRS

CTR C 1

CTR C 2

CTR C 3

CTR C k

CTR C 5

CTR C 6

CTR C 7

CTR C 8

CTR C 9

CTR C I0

CTR C 11

CTR C 12

CTR C 13

NO. RUNS

C 39A 1

SDT C39A

C39APL 1

C39APL 2

C39APL

C39APL k

290794 A
29079_ B

29079_ C

290794 E

29079_ F

290794 G

290783 A

290783 B

290783 C

290783 E

290783 F

290783 G

2_0778 A
290778 8

8'7
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TYPE COUNTER END WINDOW

3 4 14 1958 0113 IT I 3. 34281 I

3 _ 14 1958 0845 Iq I 3. 232_3 1

3 k 1_ 1958 2242 1_ 1 3. 11012 i

250171 1 6 33 l

FOIL LOCATION FOIL CARD 1 OF CONFIGURATION 39A

TYPE COUNTER END WINDOW

3 _ !1 1968 il28 16 I 3. 50133 I

3 • I1 1968 1328 16 I 3. k6018 I

] _ I! 1958 1528 16 I 3o k3988 I

3 _ 11 1958 I830 16 1 3. k!382 I

3 k !! 1958 2052 16 1 3. k0839 1

3 _ !1 1958 2258 16 1 3o kO080 I

250175 1 6 52 I

FOIL LOCATION FOIL CARD 2 OF CONFIGURATION 39A

TYPE COUNTER END WINDOW

3 k I1 1958 0927
3 4 I1 1_8 1121

3 _ 11 1958 1327

3 k II 1958 1527

3 k 11 1958 20t7

3 _ 11 1958 2257

250168 1 6

15 I 3. 25863 1

15 I 3. 22721 1

15 I 3. 2081_ I

15 I 3. 19588 1

15 i 3o 11794 !

15 1 3. 17725 !

FOIL LOCATION FOIL CARD 3 OF CONFIGURAIION 39A

TYPE COUNTER END WINDOW

5 _ !1 1958 02k2 36 1 15 1 3. 364_3 I
3 _ I! 1958 0500 36 I 15 I 3. 309k_ I

3 4 I! 1958 0640 36 I 15 i 3. 28838 1
3 _ 11 1958 1121 36 I 15 1 4. 5k263 I

] _ II 1958 lkSI 36 I 15 I 3. 25072 I

3 _ 11 1958 1703 36 1 15 I 3. 2k63k i

120177 2 19 kl I

FOIL LOCATION EOIL CARD I OF CONFIGURATION 39A

TYPE COUNTER k P! GAS FLOW

3 _ Ii 1958 1058 59 1 3. 288059

3 _ II 1968 1650 59 1 3. 219365

5 _ 12 19515 Ik06 18 I 3. 8102k

3 G 12 1958 _643 78 1 3. 11922

3 k Ik 195B 0546 50 1 3. l_llT

3 • Ik 1958 1001 k8 I 3. llk_k
3 _ ik 1968 1638 _8 i 3. 1200?

3 k 15 1958 0268 k8 I 10. 1972_

3 4 15 1958 ll41 38 I 10. 13731

3 _ 15 1968 1727 38 I 10. 11622

3 k 16 19_8 0105 38 I I0. 8551

3 W 16 1958 0945 22 I 10. 6384

3 _ 16 1968 1730 31 1 t0. 5001

3 _ 17 !q58 0053 22 1 I0. ki85

3 _ 17 1968 0910 31 I I0. 3k58

3 _ i1 1958 1700 31 I 10. 2934

3 _ 18 t958 0050 31 1 10o 2k93

5 _ 18 1958 1559 35 I t0. 2018
3 t 20 1958 003_ 29 I 10° 1391

i]0199 3 12 4 1

FOIL LOCATION FOIL CARD I OF CONFIGURATION 39A

290778 C

290778 E

290778 F

290?78 G

250177 A

250177 8

250177 C

250177 E

250177 F
250177 G

250171 H

250177 J

250177 K
250175 A

250175 B

250175 C

250175 E

250175 F

250175 G

250175 H

250115 J

250175 K
250168 A

250168 B

250168 C

250168 E
250168 F

250168 G

250168 X

250168 J

250168 K

120177 A
120177 B

120111 C

120117 E

120171 F

120171 G

120117 H
120177 J

120177 K

120117 L

120117 M

120117 N

120177 P
120111 E

120171 F

120177 G

120117 H

120117 J

120117 K

120177 t
120111 M

120117 N

130199 A

130199 8
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TYPE COUNTER GAMMA SCINT BIAS 19 VOLTS

3 1_ 10 195B 2206 kO I I.

3 q ll 1958 0216 35 I 3.

3 k I1 1968 Ik.06 28 1 3.

3 t 11 19-58 2130 28 ! 3.

3 _ 12 1968 1013 35 1 3.

3 k 12 1958 222'6 30 I 3.
3 _ Ik. 1958 lOk5 32 I 3.

3 _ I_ 1958 2116 30 ! 3.

3 b 16 1968 0206 30 l I0.
3 I1_ 15 1968 0852 30 I 5.

3 _ 15 1958 1701 30 I 10.

3 W, 16 1968 OOk5 30 1 10.

130281_ 3 6 k I

FOIL LOCATION FOIL CARD 2 OF CONFIGURATION 39A

TYPE COUNTER GAMMA SCINT BIAS 19 VOLTS
] _ 10 1968 2212 57 I i.

3 k I1 1968 0223 k2 1 3.

3 k II 1958 0623 _k I 3.

3 k I1 1968 1850 8k i 3.

3 _ 12 1958 1025 55 I 3.

3 k I_ 1968 152_ 60 1 3.

130380 3 6 _ I

32k23

79667 i

k5k83

32352 I

17919

10151 1

1872
1152 i

3k99
1333 I

1787

Ik60 1

9625

233k6

19377

10088

5338

589

FOIL LOCATION FOIL CARD 3 OF CONFIGURATION 39A

TYPE COUNTER GAMMA SCINT

3 _ 10 1968 2208

3 W 11 1968 0138

3 q I1 195B lkkl

3 q il 1_958 2158

3 t 12 1968 1119

3 _ 12 1958 2257
3

BIAS 19 VOLTS

_0 3.

33 5.

28 3.

28 3.

35 3.

30 3.

7727

10728

3W71

2579

1355

819

DATA LOCATION FOIL CARD I OF CONFIGURATION 39A

29079k 2501.77 120177 130199

0 0

DATA LOCATION FOIL CARD 2 OF CONFIGURATION 39A
290783 250175 13028_

0 0

DATA LOCATION FOIL CARD 3 OF CONFIGURATION 39A

290T78 250168 1}0380

0 0

CONff:IGUR_TI.ON SSR-CE CONFIGURATION VI-C

I I 9

k2.i82 2(}.00 20.00

160210 2 I II I

FOIL LOCATION RADIAL SHIELD'POSITION I SSR-VI-C

TYPE COUNTER BETA SCINI BIAS 5 VOLTS

3 5937 70 I I0. 1793

290t0k 1 I 13 1

FOIL LOCATION RADIAL SH(ELD POSITION 1 SSR-VI-C

TYPE COUNTER GAMMA SCINI BIAS 13 VOLTS BIAS WIDTH 8 VOLTS

3 95 1263 5 5. 2278
290['1k 1 ! lk 1

FOIL LOCATION RADIAL SHIELD POSITION I SSR-VI-C

TYPE COUNTER GAMMA SCINT BIAS 13 VOLTS BIAS WIDTH 8 VOLTS

130199 C

30199 E

30199 F

30199 G

30199 H

]0199 J

30199 K

30199 L

30199 M

30199 N

30199 P

30199 E

30199 F

3028h A
3028k B

3028k C

3028k E

3028_ F

3028_ G

3028_ H

30284 J

3028_ K

30380 A

30380 B

30380 C

30380 E

30380 F

30580 G
30380 H

30380 J

30380 K

NO. LOC.

C 39A IA

C 39A IB

C 39A IC

C 39A 2A

C 39A 2B

C 39A 2C

C 39A 3A

C 39A 3B

C 39A 3C

C SSR 3

SDT CSSR

CSSRPL I

160230 A

160230 B

160230 C

160230 E

29010h A

290104 B

29010_ C

290104 E

290114 A

290114 B

290114 C
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3 86 1726

290113 1 !. IW !

FOLL LOCATION RADIAL SHIELD POSITION

TYRE COUNTE4t GAM44A SCINT BIAS 13

3 93 .1726

290tit I t tW t

FOIL LOCATION RADIAL SHIELD POSITION

TYPE COUNTER GAMMA SCINT BIAS 13
3 926 12_9

290102 1 1 18 1
FOIL LOCATION RADIAL SHIELD POSITION

TYPE COUNTER GAMMA SCINT BIAS 13
3 86 13 I 1263

290112 ! Ilk I

FOIL L@CATION RADIAL SHIELD POSITION

TYPE COUNTER GAMMA SCINT BIAS 13
3 912 12_9

150101 _ & 1_ I I
FO[_ LOCATION RAOIAL SHIELD POSITION

TYPE COUNTER GAMMA SCINT
2 0

$ 100

3 200

3 300

3 bOO

3 S00

290101 I 13 1

FOIL LOCATION RADIAL SHIELD POSITION

TYPE COUNtEe GAM_IA SCINT BIAS 13
3 8k 1263

2

5 5. 261_

! SSR-VI-C

VOLTS BIAS WIDTH 8 VOLTS

5 2. 2571

I SSR-VI-C

VOLTS BIAS WIDTH 8 VOLTS

5 5. 11920

2 SSR-VI-C

VOLTS BIAS WIDTH 8 VOLTS

5 1. 1913

2 SSR-V]-C

VOLTS BIAS WIDTH 8 VOLTS

5 5. 6329

2 SSR_V[-C

BIAS 5 VOLTS
82 I S.

886 1 5.

86 1 5.

86 1 5.

86 I 5.

86 ! 5.

I00

17263

159k6

!_231

12626

107_1

1 SSR-VI-C

VOLTS BIAS WIDTH 8 VOLTS

5 I. 10023

DATA LOEATION RAOIAL SHIELD POSITION 1 SSR-V[-C

290101 290_!1 2901lk 29010k 160230 290113
I I I

DATA LOCATION RADIAL SHIELD POSITION 2 SSR-VI-C

290112 2@0t02 154) 101 i10000

I

CONFIGURATION U,T_S.-VAL TEST WELL C-6 OF GETR

I i 33099 3

lk90. I0.00 25.k0

I]OFI_ 6 9 5 1

FOIL LOCATION TEST WELL C-6 OF THE GETR IAI
TYPE COUNTE4_ GAMMA SCINT BIAS 19 VOLTS BIAS WIDTH

3 33139 381 i I. 235k71

3 3]lkO 381 I I. 21T662

3 33150 381 I I. 119582

3 33238 381 1 3. 795k8

3 338_ k15 I 3. k9B_6

3 3Wk83 395 ! 2. 20636 .

3 35082 31k I 2. 13218

3 36681 r5 I 3. 3526
3 _6865 68 I 3. 301k

130129 6 6 5 1
FOIL LOCATION TE_T WELL C-6 OF THE GETR lit

TYPE CGUNTER GAMMA SCINT BIAS 19 VOLTS BIAS WIDTH

29011k E

290113 A

290113 B

290113 C

290113 E

290111A

290111B

290111C

290111E
290102 A

290102 8

290102 C

290102 E
290112 A

290112 B

290112 C

290112 E

150101A

150101B

150101C

1501010

ISOlOI E

ISOiOI F
150101G

150101H
ISOlOI J

290101A

290101B

290101C

290101E

NO. LOC.

C SSR IA

C SSR IB

C SSR 1C

C SSR 2A

C SSR 2B

C SSR 2C

C VAL 2

SDT CVAL

CVALPL 1

13011k A
13011k 8

13011_'C

.13011t E

13011_ F

13011_ G

13011k H

13011t J

13011t K

13011_ L

13011t M

13011k N

130129 A

130129 B
130129 C
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3 33129 381 I I.

3 33131 381 1 I.

3 33138 381 I I.

3 331_5 381 I Io

3 33869 _15 I 3.

3 3_520 386 1 5.

920858 5 33 2 I I

FOIL LOCATION 6 INCH POSITION IN WELL

TYPE COUNTER GANHA 5CINT BIAS 33.1

2 32815 2 1 69 I

3 33710 61 I

3 33117 61 I

3 3312_ 61 I

3 33128 61 1

3 33135 61 1

3 331_1 61 1
3 331_9 61 I

3 33155 61 1

3 33159 61 !

3 33166 61 I

3 33172 61 I

3 33177 61 I
3 33183 61 I

3 33190 61 1

3 33196 _61 I

3 33202 61 i

3 33209 61 I

3 33219 61 I

3 33227 61 I

3 33235 61 1

3 332_I 61 I

3 33262 61 1

3 33291 61 1

3 33_48 61 1

$ 337_8 61 I

3 33763 67 i

3 3_096 66 I

$ 3k398 Ti I

3 34588 7_
3 35365 63 I

3 361_8 _2 1

3 37297 50 I

3 3867k 5_ 1
0

85788

77975

_8227

31393

10_93

11103

A OF THE GETR

VOLTS

3.

I.

I.

1.

1.

I.

I.

I.

!.

I.

1.
I.

I°
i.

1.
I.

1°

1.
1.

1°

I°

1°

I.

1o

!.

3.

3.

3°

2°

2.

2.

2°
3.

3.

BIAS WIDTH

iOI8k

886340

671815

539082

k85078

k03502

3_7657

295911

265k91

2_6266

219832

198156

18_588

170017

155253

1_i600

1328_5

122537

110238
101161

93321

84988

735_3
586_9

23278

37009

38175

25500

15252

13_09

15562

9131

12630

11723

130129 E

130129 F

130129 G

130129 H

130129 J

130129 K
920858 A

920858 8
920858 C

920858 O
920858 E

920858 F

920858 G

920858 H

920858 J

920858 K
920858 L

920858 M

920858 N

920858 P

920858 E

920858 F

920858 G

920858 H

920858 J

920858 K

920858 L

920858 M

920858 N

920858 P

920858 E

920858 F

920858 G

920858 H

920858 J

920858 K

920858 L

920858 N

920858 N

920858 P
920858 E

920858 F

920858 G

NO. LOC.
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REACTION NUMBER 1 = INtGAMMA) REACTION

REACTION NUMBER 2 = {NtPROTON] REACTION

REACTION NUMBER 3 = {NtALPHA) REACTION

REACTION NUMBER k = (Nt2N} REACTION

REACTION NUMBER S = (N_FISSION} REACTION
REACTION NUMBER 6 = MULTIPLE REACTIONS

COUNTER

NUMBER
SHELF ATOMIC FOIL REACTION RESOLUTION

NUMBER NUMBER GROUP NUMBER TIME

(SECONDS)

EFFICIENCY

FACTOR

IPERCENT)

EFFICIENCY
UNCERTAINTY

|PERCENT)

! 31 I 29 7 i

2 32 1 29 7 l

3 33 I 29 7 !

4 37 I 29 7 i

S k I 13 0 3

6 kl ! 12 I 2

7 32 I 25 I 1

8 33 I 2S I 1

9 36 l 25 I I

10 S ! 13 1 6

11 13 1 29 ! I

12 Ik l 29 l I

13 II I 16 2 2

2.0kE-04

i.92E-Ok

2.88E-04
1.80E-Ok

2.80E-05

8.70E-07

i.92E-04

2.88E-04

1.97E-Ok

2.80E-05

--0=

--0=

--0.

0.455

0.452

0.553

0.490

k. 100

56.300

6.500

6.670

6.610

_.330
I5.k9k

13.B9k

8.629

lO. O00

iO.O00

10.000

10.000

10.000

10.000

10o000

!0.000

10.000

10.000

20.000

20.000

20.000
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POWER SATURATION FACTORS

FOIL INDEX POWER SATURATION FACTORS (WATTS)

I

3

h

5

6

7
8

9

I0

II

29071.

79011.

12012.

13013.

25011.

16022.

13023.
13033.
29011.
13016.

92085.

7.5769E Oq
1.5979E O_
6.5332E 04
6.5332E O_
2.786_E 05
3.0_68E 03
6.5332E0_

6.5332E O_
7.57_9E O_

5.0001E 05
k.9891E 05
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POWER SATURATION FACTORS

FOIL INDEX POWER SATURATION FACTORS IWATTS)

I
2
3
4
S
6
7
8
9

I0
11

29071.
79011.

12012.

13013.

25011.
16022.
13023.
13033.
29011.

13016.

92085.

7.653_E-01
!.5237E-01
6.5317E-01
6.5317E-01
3.6678E O0
2.871_E-02
6.531TE-01
6.5317E-01
T.653_E-OI
2.7692E OI
1.9_15E Ol
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POWER SATURATION FACTORS

FOIL INDEX PONER SATURATION FACTORS |WATTS|

1
2
3
k
5
6
7
8
9

10
II

29071.
79011.
12012.
13013.
25011.
16022.
13025.
13033.
29011.
13016.
92085.

3.37kOE 01
6.730kE O0
2.8805E O1
2.8805E OI
1.6017E 02
1.2688E O0
2.8805E OI
2.8805E OI
3.37kOE Oi
1.0925E 03
7.9813E 02
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APPENDIX II

AUTOMATIC COUNTER READOUT

Since some counting facilities are equipped with punched card

readout systems, the foil data reduction program has a provision to

facilitate utilization with these systems. As was noted in the

instructions for input data sheet number 5 under "Instructions for Use

of Foil Data Reduction Program, " an entry is provided for use with

automatic readout counting equipment (denoted "Auto CE" on data

sheet). For this provision of the program, special input data formats

may be used to coincide with the data acquisition techniques.

Statements 2120, 2201, 2375, 2383, and 3388 of the source program

listing are included for this purpose. As written, these statements

are of the form:

2120 IF(IAUTO) 121, 121, 121

which means that the program will proceed to the indicated statement

number if the value of IAUTO is negative, zero, or positive. For

utilization of different input formats, the above statements should be

changed to the following form:

2120 IF(IAUTO) 121, 121, 3120

3120 Read Input Tape 5, 10XX, A, B, C ....

(Any required executable program statements)

9120 Go to XXX

As shown in the source program listing, the program is written

to use the standard input data formats except for the actual foil

counting data (Format statement i055 of the source program listing).

Source program statement numbers 2201 through 8201 specify that

the counting data are to be read into the program on two cards for

each foil count. The first card consists of:

The foil number (type, group, and number),

The counter number,

The counting geometry number,

The time at foil counting,

The total number of counts,
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The count duration,

The specification of the side of the foil which was counted.

The second card uses the same format except that only the foil type

(atomic number) is to he specified and the time at, duration of, and

total counts for the background count are substituted for the foil

counting data.

If non-zero values are inserted for the foil group and number

on the second card, the background data, the following error return

will be printed out: "ERROR-SECOND CARD FOR COUNT X NOT
BACKGROUND DATA - FOIL NUMBER XXXXXX. " If this occurs,

the program will skip these data and continue with the next set of

counting data. Furthermore, the program determines if the data on
the two cards were taken on the same counter; if this is not the case,

the error return, "ERROR-BACKGROUND DATA TAKEN ON

DIFFERENT COUNTER, " is printed out. The program will then

continue with the data reduction using the respective counter constants

for the counting and background data.
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